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INTRODUCTION: READING COMPREHENSION 
AND COGNITIVE CHANGES ACROSS THE 
LIFESPAN 
 
The principal purpose of this dissertation is to study individual and developmental differences in 
reading comprehension between children, young and older adults, that is across the lifespan.  
The relationships that exist between different cognitive tasks, which are hypothesized to measure 
constructs (like working memory and inhibition) assumed to explain both development and aging, as 
well as the relationships that exist between these constructs and reading comprehension will be 
investigated. The aim is to study whether the same constructs account for age-related differences in 
text comprehension at different periods of the lifespan. 
Although the ability to understand a text is a critical ability for functioning effectively in the adult 
world, it is neither a single nor a simple skill. Starting at the perceptive level, multiple levels of 
processing are required in order to effectively build a model of the text during reading. In fact, reading 
comprehension requires the coordination of processing components in order to transform phonological 
or orthographical code into a representation of the text meaning: from the processes operating at the 
word-level to the ones needed to create a more global model of what the text is about. These types of 
processes place different requirements on the cognitive system, which actively interacts with the 
reader. However a simple generalization of the developmental trajectory of the text comprehension as 
a whole is not possible. As a consequence, it follows that the effects of age on reading comprehension 
should be considered as varying across the system. In particular, if word-level skills (decoding skills, 
for example) seem to be particularly important in young readers (children), as they allow children to 
acquire expertise in reading, textbase and situation model levels are crucial for successful 
comprehension in the mature reader. In adulthood the “lower-level” processes of reading 
comprehension have been mastered and are automatized; yet, important individual differences exist in 
the distribution of performances in question answering on a reading comprehension task in young 
adults.  
It seems that individual differences in reading comprehension in adults are due to the ability to 
integrate text information in order to build a coherent and stable representation of the text. Integration 
of adjacent clauses, and/or between current and previously read text information, is necessary in order 
to establish local coherence; inferences about different events, actions, and states are required to make 
the text cohere as a whole (Graesser, Singer, & Trabasso, 1994; Long & Chong, 2001). These 
processes require that relevant information, either from the text or world knowledge, is available and, 
then, easily accessible in memory. Indeed, the ability to understand a text depends on the integrity of 






in order to manipulate it. Information must be held in memory while the individual simultaneously 
carries out processing operations, such as storing the information from one sentence while reading the 
following ones in order to build an integrated representation of the text meaning. Hence, the role of 
working memory in this complex skill has been highlighted in various studies and with different age 
groups. 
Furthermore, because of the limited capacity of working memory, inhibitory mechanisms are often 
invoked to prevent irrelevant information from entering working memory during the processing of 
target text information, or to suppress information that is no longer relevant to the task goal. When 
inhibitory mechanisms do not operate efficiently, irrelevant or distracting materials invade working 
memory and, as a result, reading comprehension is poorer. Several studies that have investigated 
individual differences in reading comprehension have shown data that support this assumption, 
highlighting that children, poor comprehenders, and older people have a poorer working memory 
capacity and inefficient inhibitory processes (Gernsbacher, 1990; De Beni, Palladino, Pazzaglia, & 
Cornoldi, 1998; De Beni & Palladino, 2004). Thus their poorer performance in reading comprehension 
is ascribed to these constructs. Nonetheless, it is important to note that if several and fascinating 
models of reading comprehension for adults do exist, these models rarely include a developmental 
perspective.  
There is considerable evidence that individual differences in cognitive processes contribute to both 
between-group and within-group variability, both in children and in older adults, in text related 
performance, that is, in text comprehension. Age-related differences and developmental changes in 
reading comprehension have been attributed to age-related differences in one or more of these 
cognitive constructs -working memory and/or inhibition. Thus, researchers in both the fields of child 
development and of aging identify age-related differences in reading comprehension abilities in terms 
of the same cognitive constructs. Nonetheless, as we will see in the theoretical section, with respect to 
studies on aging and reading comprehension, not all researchers, though they accord a special role to 
the constructs supposed to explain aging, agree that reading comprehension decline with age. The 
present study addresses the problem of individual and age differences in reading comprehension and 
aims to investigate how working memory and inhibition may account for differences in this complex 
activity. 
But what processes are behind the observed age-related differences in cognitive functioning in 
children and in older adults? Is there a general mechanism that explains the increase in children’s 
performance and the decrease with age, or are there a multitude of interrelated processes? These 
questions have been driving the field of cognitive development and aging research for many years now 
and a definitive answer is still lacking. The following brief review will focus on intellectual 
development from two main lines of research tradition: The perspective of psychometrics and the 






Developmental and cognitive aging theories in this domain are derived from two different research 
traditions: psychometric research on individual differences, and cognitive information-processing 
perspective. In the psychometric tradition emphasis is placed on the organization and structure of 
mental abilities that change with age, while little importance is given to specific processes in 
accounting for development. Contrarily, in cognitive information-processing theory age-related 
differences are investigated by focusing on distinct processing components and giving little 
consideration to general factors. 
One of the most important debates in the psychometric perspective concerns the unitary vision versus 
the multidimensional vision of intelligence. Without entering into this debate, we will assume a 
multidimensional and multidirectional approach of intellectual development, because it is central to 
the present work in order to understand age-related differences in cognition across the lifespan. 
Cattell and Horn proposed the two components theory based on the theory of fluid Gf and crystallized 
Gc intelligence theory (Gf–Gc theory) (Cattell, 1971; Horn, 1982). According to this theory (Gf and 
Gc), abilities linked to these two types of intelligence show differential age gradients: while 
crystallized abilities1 reflect knowledge and are assumed to be better maintained with age, the fluid 
abilities are more sensitive to age. Crystallized intelligence (Gc) is measured by tasks in which 
knowledge is required, such as vocabulary, whereas fluid intelligence (Gf) is defined by tasks that 
require, for example, mainly culture-fair reasoning (e.g., the Raven task). 
Indeed, Gc and Gf show different age trends: Gf increases during childhood and then declines from 
adulthood (from age 25); Gc, on the other hand, increases gradually during childhood and remains 
quite stable until approximately 65 years of age. This differential trend is due to the different 
influences they are subjected to: Gf is associated with biological and physiological maturation of the 
nervous system that is more vulnerable loss in brain efficiency, and Gc with cultural and educational 
influences that is proposed to be better maintained with age. Cognitive development is characterized 
by an interaction between fluid and crystallized abilities across the life span.  
Cross-sectional and longitudinal findings from research on psychometrically defined skills have 
supported the multidimensionality and multidirectionality of development with the biology-based 
mechanics of cognition (e.g., speed, reasoning, memory) declining fast, and culture-based pragmatics 
of cognition (vocabulary, verbal fluency) remaining stable. Indeed, McArdle, Ferrer-Caja, Hamagami, 
and Woodcock (2002), in a recent longitudinal study, conducted structural equation analyses on a 
large sample across the entire lifespan from early childhood on, and combined cross-sectional with 
longitudinal retest information. Their results showed that the assumption of a single general latent 
construct explaining the cognitive changes was overly simplistic. 
                                                 
1 Cattell (1971) proposed the investment theory of intelligence according to which fluid and crystallized abilities are in a developmental 
dynamic. Thus, knowledge is in part accumulated through fluid abilities at a certain developmental stage: knowledge accumulates by a 






This vision contradicts the traditional conception of development as unidirectional, irreversible, and 
sequential as often seen by child developmentalist (see Baltes, 1997, for a discussion on this issue).  
In order to account for cognitive development we must go beyond the resource processing and 
psychometric research in individual differences, and adopt a lifespan perspective. The lifespan 
perspective (Baltes, 1987) conceives age-related changes in behavior as multidimensional and 
multidirectional; development is, therefore, characterized by both gains and losses.  
In the spirit of Cattell and Horn’s psychometric theory of fluid and crystallized intelligence, Baltes 
(1997) proposed a theoretical perspective of the lifespan development.  
“The lifespan developmental psychology involves the study of constancy and changes in behavior 
throughout the life course. The goal is to obtain knowledge about the general principles of life-long 
development and inter-individual differences and similarities in development, as well as about the 
degree and conditions of individual plasticity or modifiability of development” (Baltes, 1987). The 
focus is on the development of mental processes throughout life, which do not stop at adulthood but 
extend across the entire life course. 
Baltes postulates a dual process scheme for cognitive functioning: the fluid mechanics of cognition, 
which refers to the basic architecture of information processes that evolves biologically, and the 
crystallized pragmatic of intelligence, associated with acquired knowledge, which is culturally 
mediated. The model links the interplay of fluid and crystallized factual abilities with the dynamics of 
biology and culture across the adult and the aging part of the lifespan. This architecture of human 
development, conceived as an interaction between intellectual development, biological, and cultural 
systems, suggests that abilities involving mechanics (e.g., reasoning, perceptual speed) generally show 
a linear decline during adulthood with some acceleration in very old age because of the influence of 
biological factors. In contrast, pragmatic abilities (e.g., semantic memory) change little up to the age 
of 60 or 70, as they are influenced by culture, and start to decline only in very old age. Indeed, as we 
get older, there is an increased need for culture-based resources in order to generate and maintain high 
levels of functioning. These basic processes lead to the prediction that the mechanics of cognition 
decline during aging, while the pragmatic abilities are better maintained. The pragmatic even keeps the 
potential of gains, though at the cost of an increasing amount of investment due to the decreased 
efficacy of cultural factors. Nonetheless, the decline of both abilities in very old age is pre-supposed 
because of the role of biological factors that become stronger, reflecting brain aging and dysfunctions. 
Cross-sectional findings from the Berlin Aging Study (BASE; Baltes & Mayer, 1999) for very old-age 
provide a picture of age gradients showing negative age trends for the abilities of perceptual speed, 
reasoning, memory, fluency, and knowledge within the age range of 70 to 103 years (Lindenberger & 
Baltes, 1997). The effects of aging were more accentuated, however, for the mechanic (speed, 
reasoning, and memory) than for the pragmatic (fluency and knowledge) abilities. Moreover, results 






mechanic abilities declining early in adulthood and knowledge being remarkably stable (Singer, 
Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003).  
Investigating the relationships between the pragmatic and mechanics abilities with BASE data, 
Lindenberger and Baltes (1994; Baltes & Lindenberger, 1997) not only found that abilities tended to 
show increased correlations in old age (dedifferentiation hypothesis), but also found a strong 
connection between cognitive performances and measures of sensorimotor functioning. These findings 
led to the formulation of the common cause hypothesis (Lindenberger & Baltes, 1994), which states 
that both sets of measures indicate the decline in the physiological architecture of the brain. 
Because of the multidirectionality of developmental trajectories across the life course, the individual 
has continuously to adjust to changes that are characterized by the co-existence of gains and losses. 
Ontogenetic development can be summarized as the allocation of resources for growth in order to 
reach the highest possible level of functioning, which tends to decrease with age; and maintenance and 
regulation of loss, which increase with age. There is, indeed, “a shift in the lifespan in the allocation of 
resources from growth to the goal of maintenance, and the regulation of loss”. 
Regarding information-processing perspective, an analogy is proposed between human cognitive 
resources and other information processing devices, such as memory in computers, that best represent 
it. Hence, the understanding of developmental changes is at the level of specific processes. This 
analytical approach answers the question of what processes are affected by age. Indeed, the analytical 
approach aims to distinguish, at the level of specific processes, locus of age differences, by means of 
comparisons between different age groups. However, Van der Linden and Hupet (1994) underscore 
that this approach is subjected to several limitations. It underestimates or does not consider the “why” 
and the “how” of age-process relations. Indeed, the absence of a developmental theory, that specifies 
the mechanisms that explain age-related differences, limits the identification of the locus of age-
related differences. Because of the interactive nature of cognitive functioning, it is quite difficult to 
imagine that a deficit in a specific process has no impact on other processes. Moreover, the wide range 
of age-related differences reported in various specific processes may be accounted for by more 
general, underlying, mechanisms. The analytical approach is therefore completed by a more global 
approach that attributes age differences to a few general factors.  
The global approach assumes that the many age differences reported in a variety of situations 
(response latencies, working memory, reasoning or more generally fluid abilities) occur as the result of 
the influence of age differences on few general constructs (Salthouse, 1991). 
Studies on aging, for example, try to both identify age differences in some of these general constructs, 
and to define their contribution to cognitive functioning or their predictive power on cognition. 
According to this view, development results from changes in general resource rather than changes in 
specific components. Accordingly the number of resources is meant to be smaller than the number of 






memory, and language comprehension tasks can be accounted for by processing speed, working 
memory capacity, or a combination of these factors as processing resources. 
At a descriptive level, Navon (1984) summarized the status of resource theory and pointed out that 
using a general processing resources perspective allows to both account for, and predict a wide range 
of empirical observations.  
Kyllonen and his colleagues showed that working memory capacity, processing speed, and previously 
acquired knowledge can be viewed as processing resources that account for performance on a wide 
range of tasks (Kyllonen, 1993, 1995; Kyllonen & Christal, 1990). These resources have, indeed, 
become a central feature in explaining age-related differences in cognitive performance in a variety of 
tasks in development and aging research. The essence of the processing resources perspective is that 
many age-related differences in cognitive performance can be attributed to age-related differences in a 
few general constructs (Salthouse, 1991; Case, 1985; Bjorklund & Harnishfeger, 1995; de Ribaupierre, 
1995).  
In spite of the controversial and vague nature of processing resources, many researchers have used 
processing resources in explaining age-related differences in cognitive performance (Kausler, 1994; 
Salthouse, 1991). Moreover, the increase or decrease in processing resources with age has been 
identified with the so-called cognitive primitives, “which are variables that influence the cognitive 
system without themselves being reducible to other psychological constructs”, that is working 
memory, attentional control, inhibition, and processing speed (Verhaeghen, Steinz, Sliwinski, & 
Cerella, 2003).  
It has been proposed that the development in working memory capacity accounts for the observed age-
associated increase and decrease in cognitive performance (child development: e.g., Swanson, 1996; 
aging: e.g., Craik & Byrd, 1982). The strong relationship between working memory and reasoning 
ability at both ends of the age spectrum makes this construct a plausible candidate for explaining age-
related decline in intelligence (e.g., Borella, Carretti, & Mammarella, in press; de Ribaupierre & 
Lecerf, in press). For example, large portions of the age-associated variance in intellectual abilities in 
older adults are shared with age-associated differences in working memory (Salthouse, 1991). 
Inhibition is also a central mechanism used to account for developmental differences (Bjorklund & 
Harnishfeger, 1995; Zacks & Hasher, 1997). However, as we will discuss in the theoretical section, the 
large number of studies used in the research on inhibition, interference, and attentional processes as 
central factors of cognitive aging (see McDowd & Shaw, 2000, for a review), and development (e.g., 
Johnson, Im-Bolter, & Pascual-Leone, 2003) often reveal inconsistent findings.  
Finally, the processing speed theory suggests that the age-related changes in the speed at which 
elementary operations are conducted might account for developmental changes in cognition. Some 
authors relate processing speed to the speed at the neuronal level, leading to a slowing of basic 






adults (children: Kail, 1992; Kail & Park, 1992; older adults: Salthouse, 1996; Salthouse & Babcock, 
1991; Cerella, 1990). Cerella and Hale (1994) showed a U-shaped function, with an improvement 
during childhood followed by a plateau, and a gradual decline during adulthood, reflected processing 
speed development across the lifespan (Kail & Salthouse, 1994). Processing speed has been shown to 
be a good predictor of age-associated variance in measures of memory as well as in other domains of 
higher-order cognition (Fry & Hale, 1996; Salthouse, 1996; Salthouse, 1991; Kail & Park, 1992). 
Salthouse and Meinz (1995) observed, for example, that processing speed accounted for the age-
related variance in working memory measures, to an even greater extent than inhibition did. Although 
speed is a central construct in explaining age-related variance in memory performance, it is not 
sufficient to account for all age effects (de Ribaupierre & Lecerf, in press; Mayr & Kliegl, 1993; 
Kliegl, Mayr, & Krampe, 1994; Nettelbeck & Rabbitt, 1992).  
 
We mostly agree with the global approach, as we consider that age-related differences in cognitive 
functioning can be attributed to age differences in a few general factors. Working memory is 
frequently advanced as representing one of those general mechanisms that account for age differences 
in reading comprehension tasks, as well as inhibition and processing speed. The present study will 
focus on the relation between reading comprehension, working memory and inhibition, while also 
considering the role of processing speed. Moreover, a developmental approach could contribute to 
clarifying the situation, all the more so as a lifespan approach is adopted. It is therefore important to 
determine whether one of the above-mentioned factors has causal priority over the others in 
accounting for development, or whether they all play a similar role 
With regards to reading comprehension literature, even though a single (unique) construct is often 
considered sufficient to explain age-related changes, we rather assume that individual differences in 
processing resources (working memory, inhibition, processing speed) in reading comprehension are 
the result of an interaction between all relevant constructs. In addition, it is conceivable that their 
interaction may differ across the life periods under consideration. Clearly, further research and 
theoretical integration are necessary. Indeed, changes in these cognitive mechanisms may reflect 
similar but nevertheless different developmental events.  
The present research is interested in examining whether working memory and inhibition act in 
combination to mediate the influence of age on reading comprehension. Another objective was to 
determine whether the potential influence of working memory and inhibition in reading 
comprehension skills was the same or not during childhood as during older adulthood.  
First we will assess age-related differences in each of the above-mentioned constructs, and then we 






As we will see in the following chapters, working memory and inhibition are often considered to be 
indexes of cognitive resources or of the mental energy, which is deployed in performing a variety of 
cognitive tasks. Their role is particularly pertinent in complex cognition or complex skills, like reading 
comprehension.  
Aging and developmental studies assume that mental energy, or available attentional resources, 
increase with age in childhood (Pascual-Leone, 1989; Case, 1985; Bjorklund & Harnishfeger, 1995), 
and decline in older adults (Salthouse, 1991). The similarity of hypotheses proposed in both the 
cognitive-development field and the cognitive-aging field is, as de Ribaupierre (2001) highlighted, 
quite impressive. 
Neo-Piagetians assume there is a causal link between the quantity of information that can be 
simultaneously processed and the emergence of stages in cognitive development. A similar hypothesis 
is provided to account for the impairment experienced by older adults2 in memory tasks or in fluid 
intelligence abilities (e.g., Salthouse, 1992). The notion of controlled attention (that can be related to 
the “Central Executive” proposed by Baddeley; to the “Mental Attention” proposed by Pascual-Leone; 
to the “Executive Processing Space” proposed by Case; or to the “Executive Attention” proposed by 
Engle) is, indeed, a key issue in understanding development across the lifespan.  
Moreover, both cognitive development and cognitive aging researchers proposed similar hypotheses to 
explain age-related differences in working memory in children and in older adults. One construct often 
called upon in order to account for changes in working memory with age is inhibition. The argument 
of Bjorklund and Harnishfeger (1995), with respect to development, and of Hasher and Zacks (1988), 
in relation to aging, is that inhibition prevents irrelevant information from overloading working 
memory. Indeed, if during development, an increase in inhibition efficiency promotes efficiency in 
processing, thereby enhancing the functional capacity of working memory, in aging its decrease yields 
a saturation of working memory and, thus, larger interference effects.  
Abundant evidence shows that both working memory and inhibition are important for the development 
of memory, but empirical evidence on how these variables interact with each other and with other 
variables, remains unclear. These two constructs are particularly relevant because of their importance 
in complex tasks, and, hence, in reading comprehension. Indeed, in agreement with de Ribaupierre 
(2000) and others researchers (Engle, Pascual-Leone), we think that cognitive control is the result of 
an interaction between several cognitive processes and constructs (e.g., working memory, and 
inhibition) that mediate the effect of age or individual differences on cognition. 
Working memory and inhibition are often invoked to explain age-related changes and individual 
differences in reading comprehension: the manipulation of text information, and the inhibition of the 
irrelevant information during reading are what determine successful comprehension. Indeed, the 
development of reading comprehension in children has been shown to be related to the development of 
                                                 






working memory (e.g., Oakhill, Yuill, & Parkin, 1996), and of inhibition (e.g., De Beni & Palladino, 
2000). At the same time, as working memory and inhibition decrease with age, reading comprehension 
difficulties are ascribed to them.  
However, results suggesting the preservation of reading comprehension abilities with age, when 
comparing younger and older adults, clash with the above assumption. In other words, if working 
memory and inhibition are involved in reading comprehension, and they both decline with age, we 
should expect reading comprehension to decline with age. This is not always the case, in particular 
when reading comprehension paradigms measure the comprehension per se, rather than memory for 
the text.  
It is a sine qua non condition to take into account reading comprehension and its underlying 
mechanisms when more ecological paradigms, which evaluated comprehension per se, are examined, 
as compared to when only memory for text is required. Furthermore, such a distinction implies that, 
the relationships between reading comprehension, conceived as comprehension per se, and, as memory 
for text, working memory and inhibition may change.  
Hence, in the present study, we address the question of how individual differences in working memory 
and inhibition can account for differences in reading comprehension. 
In the pursuit of this goal, a multivariate design in which the same tasks were presented to different 
individuals, of different ages, was chosen in order to better examine individual and developmental 
differences in reading comprehension conceived both in terms of text comprehension for a text, and in 
terms of memory for a text. With such a design it should be possible to draw conclusions about the 
general mechanisms that are supposed to explain development across the lifespan. Furthermore, such a 
design will allow us to: a) assess the magnitude of age differences in working memory, inhibition and 
reading comprehension during child development and aging; b) explain individual differences in 
reading comprehension; c) predict reading comprehension performance from independent tasks 
measuring working memory, and inhibition. 
The multivariate approach is the original contribution this work makes to the understanding of reading 
comprehension across the lifespan. Indeed, to our knowledge, few studies have examined the 
relationship between reading comprehension and the underlying processes in older adults, and none 
have adopted such a perspective with respect to children. In our view, development “from birth to 
death” is not unidimensional but multidimensional, it depends on several underlying mechanisms 
accounting for changes in cognition, rather than on a single-mechanism theory. As Verhaeghen 
(Verhaeghen, Cerella, Boop, Basak, in press) stated: “… these fearful symmetries and asymmetries 
between the cognitive system as implemented in a young adult and an older adult body, seem to speak 
against any dream of quick and easy unification through single-parameter models.” A single construct 
is not sufficient to explain age-related changes in reading comprehension, as age differences may be 







The theoretical part of this thesis is organized in three chapters that provide a general overview of 
reading comprehension, and of findings regarding two of the most important constructs that have been 
considered to contribute to individual and age differences in it: working memory and inhibition.  
In the first chapter, reading comprehension models in adulthood and in childhood are reviewed. These 
models define the comprehension processes and levels in order to explain how the reader creates 
his/her mental representation of the text. Depending on the life period considered (childhood, 
adulthood, and late adulthood) some of the processes involved in reading comprehension acquire a 
different weight and have a different impact on the reader: word level is more important in 
determining successful comprehension in childhood, whereas discourse level appears more crucial in 
adulthood. Nonetheless, all models point out that reading comprehension is a complex activity that 
involves different processing levels in order to build a coherent, structured, and global representation 
of the text. This very general definition of reading comprehension suggests a continuous interaction 
between the reader, his/her knowledge, the demands of the task, and the text. The interaction between 
the reader and the text, as we will see, is particularly evident when studying inferences making, as 
inferences are a necessary part of the construction of text meaning. The analysis of these aspects will 
permit us to highlight some crucial aspects in assessing age-related changes in reading comprehension. 
With regards to children, especially in older children, the increase of skills at the word level, for 
example, is no longer sufficient to account for reading comprehension development. It will also be 
pointed out that the age-related decline in comprehension performance in older adults, when compared 
to younger ones, is not as ineluctable as it may seem. While memory for text is affected by aging, 
under certain reading comprehension conditions, older adults still demonstrate reading comprehension 
performances equivalent to those of young adults. Finally, in reference to the few studies that have 
adopted a lifespan perspective, it will be argued that depending on the life period considered, the 
reader’s attitude towards the texts and his/her comprehension goals are different. In the first chapter on 
reading comprehension, we have intentionally presented the sources of individual difference in reading 
comprehension without referring to other cognitive construct, such as working memory or inhibition. 
Looking beyond differences in the reading comprehension models presented, we will find that a 
common feature emerges: the limitations on the reader’s resources in the construction of the 
situational model of the text. Hence, whereas in the first chapter the focus will be on the so-called 
basic processes of text comprehension, in the second chapter, the role of the higher cognitive 
mechanisms implied in reading comprehension will be investigated as a source of individual and age-
related changes. One of the core assumptions of reading comprehension models concerns the 
limitation of processing resources available to the reader, which put constraints on reading 
comprehension processes, and regardless of the reader’s age. Indeed, the reader has to deal with the 






The second chapter will be divided in two parts: in the first, different models of working memory will 
be presented. Though the models that will be presented adopt different approaches focusing either on 
the working memory architecture (Baddeley), or on its functions (the Neo-Piagetians and Engle), they 
have been chosen because they account for individual differences and developmental differences. 
Moreover, beyond the peculiarities of each of these models, they all consider a limited capacity 
attentional control component. The attentional control of working memory is indeed presented as key 
in explaining both age and individual differences in higher cognition. The second part of the chapter 
will be devoted to a review of the relationship between working memory and reading comprehension. 
It will be stressed that differences in working memory capacity is central to determining differences in 
comprehension across the lifespan. We will, thus, discuss this relationship in children and in older 
adults. 
The third chapter will present the role of another construct that is involved in reading comprehension: 
inhibition. As in the previous chapter, the first part will focus on the role of inhibition in development 
and in aging, by discussing its dimensionality. Indeed, we will try to give a wide panorama of the 
inhibitory paradigms used to verify whether inhibition is a unitary construct or an ensemble of specific 
processes. In the second part of the chapter results on the involvement of inhibition in reading 
comprehension will be presented. In particular, we will focus on the ability to suppress irrelevant 
information in working memory as a determinant for successful comprehension across the lifespan.  
In the planning of the theoretical chapters, because few studies have adopted a life span perspective, 
we decided to treat empirical findings on the constructs of interest in children and in older adults 
separately. Hence, the reader might have the impression that the present work, though interested in the 
lifespan, gives priority to age differences in children and in older adults, respectively. Actually, the 
structure chosen was a useful one in order to present a panorama of the processes that determine the 
development and aging, as well as their relationship to reading comprehension. We are indeed aware 
that in some parts of the manuscript, the reader may be called upon to “make inferences” about 
changes that occurs throughout the lifespan. 
The fourth chapter will conclude the theoretical section and will be dedicated to the presentation of 
both the objectives of this study, as well as general hypotheses, which have been formulated with 
respect to the multivariate design that has been adopted.  
The three following chapters will constitute the experimental section. The fifth chapter will report the 
method and experimental design used, and we will present the specific hypotheses that were drawn. 
Chapter six will focus on the univariate analyses: a complete description of the results is provided, 
along with their discussion. This last chapter (Chapter seven) is the real heart of the present work, 






lifespan, and aims to investigate if the same mechanisms can account for age-related differences in 
reading comprehension.  



























“The human ability to understand and use 
language remains one of the unsolved 
mysteries of modern science” 
 
What happens when we read and understand a text? 
Why, independently of the theoretical approach adopted, is there agreement about the complexity of 
reading comprehension? 
In this chapter we will try to present, without pretending to be exhaustive, some of the models of 
reading comprehension.  
 
1.I. INTRODUCTION 
“…reading makes people ‘smarter’ ” 
 (Stanovich, 1992).  
Reading comprehension plays a crucial role in everyday activities. Reading is vital for education: for 
children the ability to read is, for example, the key to success in school, and this success is critical for 
success in adulthood. More generally, reading permits a person to realize his/her self, and also to be 
integrated in the social context. Bad or inaccurate comprehension in everyday situations may have 
consequences that can be insignificant (misunderstanding a newspaper article), or extremely serious 
and severe (misunderstanding instructions for taking medications). Reading comprehension can, 
indeed, influence the quality of an individual’s life.  
 
1.II. READING COMPREHENSION 
For a person who likes to read, sitting on a deckchair with a good book could even be one of the most 
relaxing situations. Nonetheless, reading comprehension is one of the “most intricate workings of the 
human mind” (Huey, 1908). To understand a text, to build a coherent representation of it, is one of the 
most complex activities one can undertake.  
Notions of reading comprehension have changed over the decades. Theories of learning shifted during 
the 20th century. A behavioral perspective dominated the field from the turn of the century to the 
sixties and seventies. From the late fifties onwards, human information processing, applying the 
analogy between the mind and the computer, lead comprehension studies to examine not only 
sentences, but also larger unities, like texts.  
 
 






Models of reading have been characterized by the distinction between bottom-up and top-down 
sources of information and processing control (Lesgold & Perfetti, 1979). Models emphasizing 
bottom-up processes attempt to formalize the observation that reading comprehension begins with the 
perception of print, and ends with the construction of an abstract meaning representation (e.g., Gaugh, 
1972). However, bottom-up processing models have difficulty in explaining certain aspects of reading 
performance, such as how a reader can anticipate part of a linguistic message before bottom-up 
processing is completed, or how a reader forms hypotheses about which words he/she read (Goodman, 
1967).  
For example, bottom-up processes cannot explain how a reader can read the following passage:  
“Aoccdrnig to a rscheearch at an Elingsh uinervtisy, it deson't mttaer in waht oredr the ltteers in a 
wrod are, the olny iprmoetnt tihng is taht frist and lsat ltteer is at the rghit pclae. The rset can be a 
toatl mses and you can sitll raed it wouthit a porbelm. Tihs is bcuseae we do not raed ervey lteetr by it 
slef but the wrod as a wlohe.” 
The ease with which readers can compensate for typographical errors is an example of top-down 
processes at work. Indeed, the top-down processing models presuppose that information is guided by 
an individual’s prior knowledge and expectations (Stanovich, 1980), which are not solely reliant on 
the linguistic features of the text. Readers do not create, however, the meaning of what they are 
reading wholly from prior knowledge. Several studies on poor and good comprehenders, for example, 
do not support top-down processing models (e.g., Perfetti et al.; 1979; Mitchell & Green, 1978; Juel, 
1980); even if readers become more accomplished, they still employ data-driven strategies to unlock 
words.  
The most realistic alternatives, thus, are models than envision both bottom-up and top-down directions 
of information flow to ensure adequate processing of text information (Rummelhart, 1977). 
Current research on reading comprehension views reading as a more dynamic process in which the 
reader constructs meaning based on information she/he gathers from the text. Such an interactive view 
of reading comprehension conceives reading as a cognitive, developmental, and socially constructed 
tasks which are behind the understanding the words on the page. 
Reading comprehension is understanding a text that is read, or the process of constructing meaning 
from a text. Comprehension is a construction process as it involves all of the elements of the reading 
process, which work together in order to create a representation in the reader's mind. Reading is not 
just a single, unique mental operation. It involves different processes and components. Consequently, 
there are many different aspects of the reading process where difficulties may arise, and which, in turn, 
may affect text comprehension. 
The visual characters printed on paper have to be encoded and transformed into words. Once the word 
has been recognized, the reader has to access the meaning and pronunciation of the word in the mental 
 






lexicon. This process is called the lexical access to the meaning of the word. As sentences are formed 
by different words, the words composing a sentence have to be organized into a syntactic structure in 
order to determine the relationship between them. The text base processes, or text level operations, 
then permit the reader to link the different sentences that have just been read to what have already 
been read. Thus, different sub processes are invoked at the word, sentence, and text levels.  
While local processes allow comprehension of isolated sentences, text modeling uses these local 
processes to build a more global representation of the text. Hence, representations constructed at 
superficial levels do not last, contrary to the text-base and the representation of the situation described 
by the text, which remain.  
Successful reading comprehension therefore requires that the reader identifies words, detects 
syntactical structures, and extracts meaning from each sentence. Furthermore, the parts of the text that 
form different pieces of information have to be assembled together to form a coherent structure of the 
text, so that the gist of the meaning can be derived. 
 
1.III. READING COMPREHENSION MODELS  
“The problem is that a text representation involves not only text elements….” (Van Dijk & Kintsch, 
1983). Models of reading comprehension have mainly been developed with adults to understand 
comprehension processes. The following section will be devoted to the presentation of reading 
comprehension models. 
 
III.1. KINTSCH’S MODELS  
Kintsch’s research on text comprehension has had an important impact on cognitive psychology and 
cognitive science. From 19783 to 1995 Kintsch and colleagues expanded and refined the discourse 
comprehension model. This model was meant to describe the complete reading process, from 
recognizing words to constructing a representation of the meaning of the text.  
The discourse comprehension model assumes that readers build three different mental representations 
of a text: the surface level (linguistic or word), the propositional representation -textbase- (conceptual 
or semantic representation that describes the meaning of the text), and the situation model 
(representation of the situation to which the text refers).  
The surface level preserves the exact wording and syntax of sentences. In most cases, comprehenders 
only retain the surface code of the most recent clause that is being processed.  
 
                                                 
3 Probably the most important papers describing the evolution of the discourse comprehension model are the following ones:  “Toward a 
Model of Text Comprehension and Production” (Kintsch & Van Dijk, 1978), “Strategies of Discourse Comprehension” (van Dijk & Kintsch, 
1983), “The Role of Knowledge in Discourse Comprehension: A Construction-Integration model” (Kintsch, 1988), “Long-term memory” 
(Ericsson & Kintsch, 1995).  






The textbase contains explicit text propositions to preserve meaning, but not the exact wording and 
syntax of the text. Each proposition refers to a state, event or action that may have a true or untrue 
value with respect to a real world; propositions contain a predicate and one or more arguments. At this 
level some inferences can be drawn to maintain local coherence. After having read a complete 
sentence, this list of propositions is transformed into a network of propositions. The propositions 
formed (micropropositions) are processed by a working memory in order to establish coherence with 
the prepositions already stored in the short-term memory (that have already been processed). Short-
term capacity acts as a buffer, while the working memory searches for an argument overlap between 
the incoming proposition and those already stored in short-term memory. If there is an overlap, 
working memory searches long-term memory. Consequently, once the micropropositions are stored, 
the microstructures of the model are formed. The microstructures are, then, processed in 
macrostructures through macrorules that define what is relevant for the text-base in order to build a 
coherent representation. The macrorules consist, indeed, of deleting propositions that are not 
necessary, generalizing propositions, and constructing a global fact.  
The situation model is the representation of the situation described by the text rather than the text 
itself. “Situation model is the cognitive representation of the events, actions, persons, and in general 
the situation, a text is about” (van Dijk & Kintsch, 1983). It refers to the content of the micro-world 
that the text is about. “To understand a text, we have to represent what it is about. If we are unable to 
imagine a situation in which certain individuals have the properties or relations indicated by the text, 
we fail to understand the text itself” (van Dijk & Kintsch, 1983). The situation model for a story refers 
to people, actions, and events in the mental micro-world. It is constructed using inferences and thereby 
through the interaction between the text and the background knowledge of the reader.  
Indeed, the surface and the text base levels are linked to a representation of what in the text is explicit, 
but they do not capture the deeper meanings of it. The deeper meaning of the text is reached by 
constructing causes that explain why certain of the actions described in the text happen, and by 
inferring the global message or the main point of the text. Furthermore, the state of the situation 
described in the text has to be connected to the state of affairs located in the reader’s background 
knowledge of the text. Indeed, comprehension improves with the levels of representation and the 
inferences the reader makes. Inference is based on prior knowledge, which is stored in long-term 
memory (Kintsch, 1988). 4 
Thus, comprehension processes can be summarized using three main levels of representation: 1) the 
linguistic or surface level; 2) the conceptual level that represents both the local and the global meaning 
of the text structure, the so-called text-base. It is characterized by the micro (local coherence) and 
macro structure (global coherence); 3) the integration level, in which the text and the context are  
 
                                                 
4 The role of inferences in reading comprehension will be discussed in the section 1.IV. 





integrated, and knowledge-based inferences are represented. The situation model can, thus, be 
compared to the mental models described by Johnson-Laird (1983).  
On the first two levels individual differences can, according to Kintsch and Van Dijk, be ascribed to 
the following factors: a) perceptive decoding skills and syntactic-semantic representations; b) the 
individual background knowledge (e.g., vocabulary), that determines the number of propositions that 
can be processed in a same cycle; c) the short-term memory buffer that varies from individual to 
individual, which can influence the number of propositions that can be processed across the different 
levels of representation.  
Ericsson and Kintsch (1995) give a more precise description of the memory system involved in text 
comprehension. The fixed capacity of the general short-term working memory (hereafter, STWM) 
system is extended by efficiently storing information in long-term memory, and by keeping this 
information accessible for further processing. The long-term working memory (LTWM) permits the 
retrieval of previously encoded information, without engaging in long-term memory searches. 
Therefore, the reader keeps the integrated situation model in the LTWM while the current model is 
processed and constructed in the STWM. Ericsson and Kintsch (1995) propose that skilled 
performance in reading is due to more efficient access to information in long-term memory. LTWM 
requires the use of cues in STWM to provide more efficient access to information or knowledge in 
LTWM. Moreover, LTWM allows faster access to knowledge and ensures coherence through 
representation levels.  
For example, it has been shown that when participants were interrupted while reading more or less 
familiar passages, the cost of this interruption during reading was higher for less familiar information 
(1-2 sec) compared to the more familiar information (400 msec) (McNamara & Kintsch, 1996b). This 
result showed, as predicted by the Ericsson and Kintsch, that more efficient long-term memory access 
results from using cues in working memory to activate retrieval structures. These cues are supposed to 
be generated strategically; for example by using mnemonic strategies. Thus, according to McNamara 
and Kintsch, working memory limitations are bypassed because experience within a particular domain 
leads to enriched knowledge structures, and information retrieval strategies.  
Nonetheless, the issue of individual differences in terms of quantity of resources is not really 
considered. Indeed, working memory is not assumed to be fixed, but instead to vary as a function of 
expertise within a specific domain. According to this model, working memory capacity changes as a 
function of expertise, because of longer chunks. Skilled readers have a better comprehension 
performance than less skilled readers because they have more efficient strategies for retrieving 
information from long-term memory. However, the hypotheses advanced by Kintsch and collaborators 
to account for individual differences were not directly assessed by empirical means.   
In the present work, the discourse integration model is particularly important because of the function it 
assigns to the integration processes to account for individual differences. More specifically, one can 





consider that both activation and de-activation of text information account for individual differences 
during the integration phase, and the associated construction of the situation model.  
III.2. JUST AND CARPENTER’S MODEL  
In this model the central idea is that activation mediates both information maintenance and 
computation, and that working memory constraints exist in the amount of activation available during 
reading comprehension. Working memory is seen as a limited processing space, which supports 
symbolic manipulations and intermediate maintenance processes in order to favor integration. 
Working memory is operationally defined as the maximum amount of activation for maintenance and 
processing purposes. 
The account is instantiated in a simulation model called CC/READER (capacity constrained reader) 
model developed by Just and Carpenter (1992). The CC/READER uses production system architecture 
for creating, updating, and removing nodes in working memory and in long-term memory. It ranges 
from the level of word fixation to text-level processing. The performance of CC/READER can be 
explained in terms of the resource demands that arise during reading comprehension, and the 
consequences of the demands not being met due to capacity constraints.  
Unlike Kintsch’s models, Just and Carpenter propose that working memory constrains text 
comprehension. Indeed, the limits of working memory capacity constrain the ability to use and retain 
new information, as well as intermediate products resulting from recent information. Working memory 
capacity affects comprehension skills.  
This model is activation-based and deals with continuously varying production strengths, and memory 
traces. Activation and its maintenance are the key aspects in this model for explaining reading 
comprehension processes. Indeed, each element (word, phrase, thematic structure) has an associated 
level of activation. If the activation level of an element is above a given threshold, it is part of the 
working memory and is available to initiate other processes. In addition, by propagating activation 
from certain elements, the activation of other elements is gradually incremented until they reach a 
threshold. The maintenance of an element of a sentence (e.g., the subject of the sentence) in working 
memory means keeping its activation above a certain threshold. Giving a thematic role to a noun 
implies propagating activation to a new element and increasing its activation above the threshold. The 
storage and computation in reading comprehension are, hence, expressed in terms of the maintenance 
and manipulation of activation. If activation propagation exceeds the activation maximum, then, the 
model foresees a trade-off between maintenance and processing. In such a situation the CC/READER 
deallocates the activation with the following consequences: the number of cycles required for an 
element to reach the threshold increases as processing slows down; certain elements can be forgotten 
as activation is continuously decreased.  
The CC/READER model succeeded in simulating the processing time profile of readers in different 
studies (see Just & Carpenter, 1992), and in explaining age differences in working memory.  





Indeed, the processing limitation account of individual differences has received a very important boost 
by Just and Carpenter, following a large body of literature showing working memory differences 
between skilled and less skilled readers. Indeed, individual differences in the working memory 
capacity (high- low span participants) influences both the quality of the processes and their nature (see 
King & Just, 1991). Just and Carpenter (1992) observed, for example, that high-spans outperformed 
low-spans, in solving lexical ambiguity and in processing complex embedding sentences. The limited 
capacity of working memory, thus, constrains both the efficiency of the processes and the quality of 
the text representation built.  
 
III.3. GOLDMAN AND VARMA’S MODEL  
A recent model by Goldman and Varma (Goldman & Varma, 1995; Goldam, Varma, & Coté, 1996) 
combines the Kintsch, and Just and Carpenter models. It is called the Capacity constrained 
Construction-Integration (3CI).  
In the Goldman & Varma model the construction-integration model of Kintsch is inserted in the 
position of a limited capacity. The model assumes that: 1) information from the text is processed 
sequentially; 2) information from the text and information retrieved from long-term working memory 
are all activated in working memory, and then stored as parts of an evolving representation; 3) readers 
construct different levels of representation of the text’s content as well as a representation of the 
situation being described by the text; 4) the relationship between two units of text information, or 
between information from the text and information retrieved from long-term memory, can only be 
detected or generated if the pieces of information are active in working memory at the same time; and 
5) the capacity of working memory is limited (see also, Coté & Goldman, 1999). Four language-
processing modules that make up the “strategy competition module” are proposed. 
The language processing modules are specialized in the following operations: lexical and syntactic 
processing, construction of the text-base level, and the situation model. The strategy competition 
module is conceived as a sort of central executive that has to control comprehension processes, and 
allocate activation to the four language processing modules, and coordinate them. Moreover, the 
model postulates a limited capacity of working memory. The fixed buffer of the construction-
integration model of Kintsch is replaced by a “capacity constrained dynamic working memory”. 
Indeed, the conception of the buffer in the Kintsch’s model ensuring local coherence is modified by 
assuming a limited capacity that determines, for example, which proposition remains active; in others 
words the quality and quantity. Furthermore, Goldman and colleagues extended the work by Just and 









III.4. GERNSBACHER’S MODEL  
The last model of text comprehension that we wish to describe is the Structure Building Model. Our 
interest for this theory is due to the critical role that suppression mechanisms play on text 
comprehension, which will be discussed in Chapter 3.  
Comprehension according to Gernsbacher can be summarized in three processes:  
1) laying a foundation for text structure: the first word, proposition or sentence of a text necessitates 
longer reading times because they create the foundation of the text structure;  
2) mapping the information onto that foundation: the reader quickly reads sentences that are congruent 
with the previous one when a text structure has been built; 
3) shifting to a new structure when information is new or incongruent and cannot be mapped onto the 
existing structure: when new information has to be added, reading times increase. 
In addition, two mechanisms determine the strength of memory traces or nodes of text information: 
enhancement and suppression. While enhancement increases activation of relevant text information, 
suppression decreases the activation of text irrelevant information.  
Thus, according to Gernsbacher, comprehension depends on efficient construction and maintenance of 
mental structures. When new information is related to the current structure, it will be enhanced and 
integrated in the mental structure, in a manner similar to the integration process described by Kintsch 
(1988). However, if new information is not related to the current structure, the reader will build a new 
mental substructure and/or suppress the irrelevant information. Gernsbacher and collaborators explain 
the performance of less skilled comprehenders in terms of these inefficient suppression mechanisms. 
As a consequence, such inefficient mechanisms cause the maintenance and creation of too many 
substructures, thereby increasing the memory load, which lead to a poor comprehension performance 
(Gernsbacher, Varner, & Faust, 1990). In various experiments with homophones (Gernsbacher, & 
Faust, 1991), and homograph sentences (Gernsbacher et al. 1990), for example, it was demonstrated 
that although less skilled readers activate information to the same extent as skilled ones, they are less 
able than skilled ones to suppress inappropriate meanings, or to resolve the ambiguity as efficiently as 
skilled readers.  
With the adult models of text comprehension that we have presented, we tried to enable the reader to 
build a global and general “representation” of the intricate processes that are supposed to be involved 
in reading comprehension, without tackling the psycholinguistic aspects of each of the models. If we 
look behind the peculiarities of each of these models, some common features clearly emerged.  
All the models suggest that the main objective of comprehension is to build a representation of the text 
through local and global coherence. Moreover, a particular emphasis is put on the situation model, as 
the final goal of the comprehension processes. All models agree that it is not sufficient to maintain the 
text-base structure of the text to understand it, because the main aim of reading comprehension is to 





build a mental representation of what the text is about. Hence reading comprehension is conceived as 
an interactive and dynamic process. 
An important role is also assigned to working memory capacity5: the limitations of the reader’s 
information processing capacity is a common leit motif across all the models presented, as it is what 
determines successful comprehension. Individual differences in reading comprehension can be 
ascribed to the limited capacity of working memory that constrains the construction of the situation 
model. Furthermore, in all the models the ability to: suppress (Gernsbacher, 1993); delete (van Dijk & 
Kintsch, 1983); or deactivate (Just and Carpenter, 1992; Goldman & Varma, 1995) irrelevant 
information is another aspect of comprehension processes. In order to allow ongoing processes to form 
the situational model of the text, without saturating the limitations of individual resource processes, 
some mechanisms are needed to prevent irrelevant or no longer relevant information from entering the 
working memory.  
 
Another crucial aspect in reading comprehension is the ability to draw inferences. Inferential 
processes, as discussed in the presentation of Kintsch’s model contribute to the construction of the 
situation model.  
 
1.IV. READING COMPREHENSION AND INFERENCES 
A text often contains more information than what is explicitly expressed. The reader’s mental 
representation of the text can also contain information that is implied by the text: information that the 
writer supposes the reader will grasp from the text and that the writer therefore leaves implicit. Indeed, 
Dole, Duffy, Roehler and Pearson (1991) suggested that inferences are at the heart of comprehension 
process. Inferences are all the information and messages that are not explicitly stated in a text or in a 
message (Singer & Ferreira, 1983). “When information that was not explicitly stated in the text is 
activated, an inference is made” (St. George, Mannes, & Hoffman, 1997). For this reason, certain 
authors suggest that the quantity of inferences made by the reader determines the richness of text 
comprehension. Graesser (1981) suggested that even the simplest type of literal comprehension 
requires the reader to make inference. Furthermore, if the reader is not able to generate inference, 
he/she has the impression of not understanding the text (Long, Oppy, & Seely, 1994). In fact inference 
is a cognitive process used to construct meaning. Drawing inferences is therefore an essential part of 
the comprehension process whatever the reader’s age may be (Anderson & Pearson, 1984). 
Deeper text meaning is attained when the reader constructs a representation to explain why the events 
or actions described in the text occur. The reader must use more than the individual words that 
compose the text in order to understand it. In drawing an inference, the reader has an active role and 
he/she is obliged to interact with the text: the identification of relationship between the various parts of 
                                                 
5 The role of working memory and of inhibitory mechanisms in reading comprehension will be presented in Chapter 2 and 3, respectively.  





the text, and between the text and the reader’s knowledge insures a successful comprehension (e.g. van 
Dijk & Kintsch, 1983). The relationship between the reader and the text permits the coherent 
construction of the text. The reader draws on his/her knowledge to identify the relationships implied in 
the text, and to activate information about events and facts that are not mentioned explicitly. Hence, 
inference generation is inextricably linked to the process of constructing a situation model. The 
knowledge-based inferences contribute to the higher-level representations that are constructed during 
comprehension (van Dijk & Kintsch, 1983; Kintsch & van Dijk, 1978).  
The organization of “facts” from the textbase refers to the reader’s “personal interpretation of the text 
that is related to other information held in long-term memory” (Kintsch, 1988). Mature or competent 
readers connect ideas in the text with their knowledge in order to understand it (Just & Carpenter, 
1992; van den Broek, 1990, Kintsch, 1998; Graesser, 1981). Different studies have shown that mature 
readers integrate their background knowledge with the literal word meaning of the text in order to 
construct the situation model of the text. An expert reader can, thus, make rapid and multiple 
connections between new and previously learned information about the content, which facilitates 
interference drawing (Pearson, Hansen, & Gordon, 1979). Children, on the contrary, will have more 
difficulty in the construction of a situation model because their knowledge is less relevant and less 
structured; their effort to understand the sentence relies more on basic skills (decoding abilities), which 
allows them to recognize characters, letters and words. Because, reading abilities are a critical aspect 
of inference making, a number of the studies of inferential processing focus on individual differences 
between good and poor readers.  
Of course a reader will have an advantage in understanding a text if it treats a familiar topic. Prior 
knowledge about a topic increases reading fluency by reducing the attentional resource load; the 
reader will, then, dispose of more resources to make connections between the different parts of the text 
and to draw inferences.  
The reader’s purposes and his/her motivation are another important aspect in inference processes. 
During the effortful activity of reading comprehension, the reader must devote resources to drawing 
inferences; otherwise they are not drawn (Graesser, et al., 1994). The more the information linked to 
an inference is relevant and familiar with the reader’s goal, the more it will be done on-line (Graesser 
et al., 1994).  
At a very general level, there are many different classes of inference: namely, inferences that establish 
referential coherence, causal antecedents, and the emotional reactions of characters (Graesser et al., 
1994). Consequently, inferences may be necessary in order to establish local coherence between 
adjacent clauses and/or to establish global coherence between different events, actions, and states in a 
text (e.g., Long & Chong, 2001). Even though there is agreement about the definition of what is an 
inference, a critical point of disagreement is the level at which an inference is processed. The level at 
which inferences are processed can range from simple activation to selection for maintenance in 





working memory in order to incorporate inference into long-term memory. Thus, a critical question is 
when inferences are drawn and why they are made: are they made during reading (during the encoding 
phase of text), or when the reader tries to form a final coherent representation of the text? Moreover, 
as they are time processing consuming, what pushes the reader to make them?  
Researchers do not agree on which inferences are incorporated into the text. If, in one extreme 
position, inferences are considered to be incorporated into textbase, in the other one inferences are 
considered to be activated during comprehension and then incorporated into the textbase (Kintsch & 
van Dijk, 1978). The middle position is that only a particular subset of inferences are incorporated into 
the textbase during comprehension, those that are generated and/or are needed to establish text 
coherence, but not the elaborative inferences (Graesser & Clark, 1985; McKoon & Ratcliff, 1989). 
Elaborative inferences are automatically generated only if they help the reader explain why an event 
happens in the story (Long, Golding, Graesser, & Clark, 1990).  
Without entering into the debates between the minimalist and constructionist approaches concerning 
the fact that some inferences can or cannot occur quickly, automatically, and effortlessly, it is 
commonly agreed that inference involves complex kinds of information, and they refer to small units 
rather then large text units.  
Since 1970, research has tried to understand the processes and the product of inferences. Van Dijk and 
Kintsch (1983) stated: “in every way our knowledge about inference in comprehension is as yet 
inadequate”. From a perspective that concentrated on the representation of explicit text and the process 
of linking anaphoric expression (like pronouns, anaphors), research has moved on in order to try to 
understand how the reader constructs the situation model of what the text is about. The reader, who 
has a limited quantity of attentional resources, needs to make inferences in order to understand text. 
Different theories have been advanced to explain it: the Construction-Integration model (Kintsch, 
1988), the Minimalist Theory (McKoon & Ratcliff, 1992), the Constructionist Theories (Graesser, et 
al., 1994), the Structure Building Framework (Gernsbacher, 1990); the Landscape model (e.g., van den 
Broek, Linzie, Fletcher, & Marsolek, 2000), the Resonance model (Myers & O’Brien, 1998), and the 
Event Indexing model (Zwaan, Langston, & Graesser, 1995). We will not go through the peculiar 
characteristic of these models; nonetheless, it is important to keep in mind that research on inference 













1.V. READING COMPREHENSION AND DEVELOPMENT 
“…the first year of life furnishes the text, 
while the remaining thirty supply the 
commentary; without the commentary we 
are unable to understand aright the true 
sense and coherence of the text together with 
the moral it contains” (Schopenhauer).  
 
The reader requires two main skills to be a successful and independent reader: he/she must be able to 
decode the individual words on the page and must be able to comprehend the text. Reading acquisition 
is therefore viewed as primary in the development of decoding ability and in reading comprehension in 
the non-mature reader (children). Models that try to explain the development of text comprehension in 
children, however, mainly focus on the acquisition of reading components skills, rather than on 
comprehension processes.  
Gough and Tunmer (1986), for example, suggest that reading can be divided in two parts; that which is 
unique to decoding, and that which is shared with comprehension. They described a two-stage model 
to account for reading. The first stage begins with the purely visual processes, consisting of an 
association between some part of the printed work, and the name of the word. The second stage occurs 
when the child is able to move to the “cipher” stage of reading. The transition between the two phases 
is possible because of an increase in phonological awareness; children at this stage encode not only 
some letters of the word, but the whole word. Therefore, when children learn to decode, they 
comprehend what they read as well as comprehend what they hear. This assumption can be 
summarized in “Reading comprehension = Decoding X Comprehension”. Decoding skills incorporate 
the lower-level correspondences, such as: sound correspondence, words patterns, and identification of 
whole words. The factors involved vocabulary, syntax, and the ability to integrate text information. 
Indeed, individual differences in children, according to this approach, can be ascribed to specific 
difficulties with word decoding or in comprehension.  
This model has been largely criticized, because decoding skills and comprehension are not really 
independent, although they can be dissociable (e.g., Shankweiler, et al., 1999). Shankweiler et al. 
(1999) found that the correlation between word decoding and comprehension was quite important (r = 
.50) in early grades. Chen and Vellutino (1997) argued that the independence between decoding and 
comprehension is valid only for extreme case (dyslexia). 
Perfetti (1985), contrary to Gough, conceptualizes learning to read as the acquisition of an increasing 
number of words, and of an alteration of individual representation along qualitative dimensions. 
Reading is, indeed, conceived as various processes that interact to catch the meaning of the text. His 
theory suggests that reading skills develop and operate interactively. As reading skills develop and 





word recognition becomes more efficient, more attentional resources become available. Cognitive 
resources can, thus, be devoted to the integration of text meaning. The reader is involved in processes 
that are associated with determining the meaning of segments in the text. Text-modeling ability is, 
thus, interactive and determined by prior knowledge and metacognitive abilities. Moreover, according 
to this general model, attention and memory constraints account for efficient processing. An 
interesting point in the Perfetti model is that higher-level skills may develop along side lower level 
abilities, but lower level skills must reach a threshold performance before efficient processing at the 
higher levels can occur. This view is similar to the developmental Neo-Piagetian implication 
hypothesis (Chapman & Lindenberger, 1989). 
The two models presented focus more on reading processes than on reading comprehension ones. 
Indeed reading comprehension models have not been established for children, as they have been for 
adults. In the present work, however, the development of reading is not a central issue, and as it will be 
detailed in the methodological section, special care was taken to precisely control for decoding skills 
in the children sample. Given this, we have restricted the discussion on reading comprehension 
models, and more specifically, on those proposed for adults.  
 
1.VI. READING COMPREHENSION AND INDIVIDUAL 
DIFFERENCES IN CHILDREN6 
As we saw, a body of research has focused on the initial developmental stages of reading when the 
reader (the child) is acquiring lexical and syntactic decoding skills.  
Some studies have examined how words are decoded and sentences are comprehended, which is 
lower-level processing in reading (e.g., Healy, 1994). During development the basic reading processes 
have a strong impact on reading comprehension. For children, the development of a certain level of 
automaticity7 in reading has been considered essential to the development of reading comprehension; 
before higher-order processes can be performed accurately, sub-skills such as word recognition must 
be performed effortlessly (Samuel & Flor, 1997). 
It is well documented, however, that reading not only depends on the ability the decode words and 
understand sentences, but also on adequate vocabulary. Children must learn how to use these skills in 
order to understand written language (Carroll, 1986).  
Indeed, reading comprehension is the understanding of the relationship between the words, sentences, 
and paragraphs within the text, and between the text and the information the reader knows.  
                                                 
6 The relationship between working memory and reading comprehension will be discussed in Chapter 2.  
7 Nevertheless, as Rawson (2004) points out, the definition of what is automatic compared to non-automatic in reading comprehension is 
often absent or not well defined. 





Studies on reading comprehension in children have attempted to specify individual differences in 
reading comprehension at three main levels: the word level, the sentence, and at the text level 
(inferential processes). 8 
 
VI.1.1. WORD-LEVEL 
The word level can be considered as a first step of comprehension. Indeed, one method to identify 
individual differences in reading comprehension is to focus on single words. In childhood one major 
difference between successful and less successful comprehenders is that successful comprehenders 
tend to possess better decoding skills - i.e., they are faster and more accurate at letter and word 
identification than are less-successful comprehenders (Stanovich, 1980; Hagtvet, 2003). Automatic 
word recognition processes have been shown to be linked to higher reading comprehension levels 
(Perfetti, 1985; Stanovich, 1991). Some studies have indeed shown strong correlation between 
decoding skills and reading comprehension abilities: the correlations range between .30 to .77 (Juel, 
Griffith, & Gough, 1986). Slow and inaccurate word recognition may affect comprehension because it 
uses up limited processing resources, leaving little resources for higher order processing like 
integration processes (Perfetti, 1985). With the Verbal Efficiency Theory (1985), Perfetti suggested 
that readers who have accurate, efficient word identification skills are able to reserve greater 
attentional resources to focus on comprehension than readers whose word identification required them 
to spend excessive amounts of attention on this activity. Indeed, a failure to recognize individual 
words slows reading and increases the amount of attention that has to be devoted to lower-level 
processes: therefore slow and inefficient (poor) decoders are to be considered poor comprehenders. 
However, in several studies, assessing word-reading speed, automaticity of decoding, and accuracy of 
non-word reading, did not reveal differences between these measures and skilled and less skilled 
comprehension (Oakhill, 1981; Yuill & Oakhill, 1991). Therefore, rapid decoding is sufficient, but not 
a sine qua non condition, for good comprehension. Cornoldi, De Beni and Pazzaglia (1996) have 
shown that poor comprehenders do not have deficits at the level of word decoding. But, as Cain and 
Oakhill pointed out, many studies investigating comprehension skills often have not controlled for 
individual differences in word skill (Nation & Snowling, 1998b; Paris & Jacobs, 1984; Forrest-
Pressley & Waller, 1984). It is, therefore, hard to assess the extent to which those studies addressed 
comprehension difficulties rather then general reading difficulties. In fact, matching groups for 
decoding skills is necessary in order to assess this question. As Oakhill stated “there is probably no 
direct link between fast decoding and good comprehension…because decoding is such a basic part of 
reading that children who read more decode faster”. Moreover, the ability to identify words develops 
rapidly, and it is well established by third grade (Juel, 1988; Wagner & Torgesen, 1992). 
 
                                                 
8 We remind the reader that cognitive processes involved in reading comprehension will be treated in Chapter 2 and 3.  





1.1.1. Phonological Skills 
Phonological skills are another source of individual differences in reading comprehension associated 
with word reading development. Impairment in the phonological representation of words may 
potentially be another cause responsible for reading comprehension difficulty in children.  
Shankweiler (1989) has shown that poor readers differ from good ones in the ability to maintain and 
process verbal information in a verbal form. Indeed, short-term memory in children with decoding 
problems becomes saturated, and their ability to comprehend sentences affected (Shankweiler, 1989). 
However, because individual differences in word reading skills were not taken into account in this 
study, a direct relationship between comprehension skills and phonological processing was not 
demonstrated. 
When controlling for word reading ability (Cain, Oakhill & Bryant, 2000b), no difference has been 
found between skilled and less skilled comprehenders in the storage of phonological stimuli.  
 
1.1.2. Word Knowledge 
As it has been highlighted, reading comprehension ability is also highly correlated with word 
knowledge in both children and young adults. Many studies have indicated that word decoding skills 
and vocabulary knowledge are the best predictors of reading comprehension in 9 to 11 year-old 
children (De Soto & De Soto, 1983; Stanovich, Nathan, & Vala-Rossi, 1986). Thus, vocabulary 
expansion helps children become independent reader.  
Some authors have concluded that individual differences in semantic representation of word meaning 
are related to comprehension performance. Perfetti, Marron and Foltz (1996), for example, suggest 
that both word knowledge and processing skills can affect comprehension Some research has shown 
that vocabulary knowledge is essential for comprehension skills (Ehrlich & Remond, 1997; Stothard & 
Hulme, 1992): children, and of course adults, with rich knowledge of vocabulary may better 
comprehend texts. The richer the representation in semantic memory for word meaning is, the more 
the concepts will be interconnected during comprehension in order to build a coherent text 
representation. Indeed, Nation and Snowling (1998a) found differences in the semantic fluency 
between good and poor comprehenders. Moreover, Spilich, Vesonder, Chiesi and Voss (1979), 
demonstrated that prior knowledge about a topic facilitates its comprehension: if words meanings are 
richly represented in semantic memory, more information will be accessed and more relations between 
concepts will be made. Consistently with the results of Spilich et al. (1979), Nation and Snowling 
(1998a, 1998b) observed that poor comprehenders differ from good ones on measures of semantic 
fluency and semantic priming. Thus, semantic weakness was suggested to be related to comprehension 
difficulties. Echols, West, Stanovich & Zehr (1996) found that individual differences in the time spent 
reading accounted for individual differences in the growth of vocabulary knowledge. Hence, the 
relationship between vocabulary knowledge and comprehension of text is an important factor in 





explaining individual differences in children. Nonetheless, few studies have included vocabulary 
control. It is, therefore, difficult to assess the relationship between the semantic representation and text 
comprehension in children.  
 
VI.1.2. SENTENCE LEVEL 
1.2.1. Syntactic Skills 
Comprehension difficulties can also arise at the sentence level. A failure to use syntactic constraints, 
i.e. reading word by word instead of processing the text in units, is another source of individual 
differences. Knowledge about syntactic constraints, that is the meaning and order of nouns and verbs 
in a sentence, can help this process. Poor readers, contrary to skilled ones, do not use sentence and text 
structure to aid their comprehension (Cromer, 1971). Indeed, different studies have shown a 
correlation between syntactic awareness and reading ability (e.g. Siegel & Ryan, 1988; Bowey, 1986). 
Results are, however, not always congruent, in particular concerning the role that memory plays in 
sentence comprehension. In addition, it has indeed been shown, for example, that in 6-to 8-year-old 
children reading comprehension, reading ability, and decoding were related to syntactic knowledge 
(Rego and Bryant, 1993). Grammatical awareness may contribute to the detection of errors and 
correction of errors in text comprehension, thereby contributing to the development of comprehension 
monitoring.  
 
1.2.2. Sentence Context 
It has been noted that good comprehenders make more use of sentence context when constructing 
meaning than poor ones (Oakhill, 1983), while less skilled readers are less influenced by the semantic 
content of the sentence. Nation and Snowling (1998b) showed, for example, that impairment in 
contextual facilitation skills might affect improvement of the word reading skills of poor 
comprehenders.  
 
VI.1.3. TEXT LEVEL 
1.3.1. Inference 
A difference in the extent to which information is integrated in the text, combined with a difference in 
the use of inference, may be another source of individual differences in children (Oakhill & Granham, 
1993; Oakhill, 1983; Yuill, Oakhill & Parkin, 1989). Oakhill and her collaborators have largely 
focused on this aspect. They have shown that less skilled comprehenders do not differ from skilled 
ones either at the single-word level, or at the syntactic one, but at a “higher-level” in inference making, 
story structure, and metacognition.  





Oakhill’s first studies showed that less skilled comprehenders are poor at making inferences when 
reading a text, both for constructive inferences (1982) and general inferences (1984). However, the 
source of this impairment is still not clear.  
Cain and Oakhill (1999) examined the relationship between inference skills and reading 
comprehension ability, in a group of skilled and less skilled 7 and 8-year-old comprehenders (matched 
for reading accuracy), and a comprehension-age matched group (younger children matched in their 
comprehension level with respect to poor comprehenders). Children were asked to answer questions 
on literal information, text connecting inferences and gap-filling inferences. Results indicated that less 
skilled comprehenders were significantly different from the other two groups only in answering text 
connecting inferences and gap-filling inference questions, but not for literal information. Hence, not 
only did this pattern of results confirm the relationship between inference ability and reading 
comprehension performance, but the better performance by the comprehension-age match groups in 
text-connecting inferences seems to clarify the direction of the relationship: poor comprehension is the 
result of a failure to make inferences. Therefore, the authors concluded that difficulties in inference 
may be concurrent with text comprehension problems.  
Another interesting conclusion is that failure to infer cannot be due to memory for text per se (see also 
Cain, Oakhill, Barnes & Bryant, 2001; but see Barnes et al., 19969), or to searching for information in 
the text, as the performance in answering literal questions was similar across groups. Nonetheless, 
these results suggest that inference problems can occur independently of an impairment in reading 
accuracy; the extent to which failure to generate inferences may be secondary to deficits in other 
reading abilities has not been completely defined. Indeed, as Perfetti (1985; 1989) suggested, less 
skilled readers show deficits in multiple component processes.  
 
Another source of individual differences in inference making could be general knowledge. Cain, 
Oakhill, Barnes & Bryant (2001) investigated the relationship between young children’s 
comprehension skills and inference making ability, using a procedure that controlled for individual 
differences in general knowledge. Their results showed a strong relationship between comprehension 
skills and inference making ability, even when relevant knowledge was equally available to all 
participants. They interpreted this result as showing that poor comprehenders construct an incomplete 
representation of the text. Indeed, they suggested that poor comprehenders, while being able to 
integrate information at a local level, were unable to produce a coherent integrated model of the text as 
a whole. Yuill and Oakhill (1991) proposed training to poor and good comprehending children (7-8 
years) to favor the ability to make inferences, and to monitor comprehension. Children were trained in 
rapid word decoding, in making lexical inferences, in question generation, and in making text 
predictions (guess what was missing). Results indicated that the less skilled comprehenders benefited 
more from inference training than the skilled ones. The benefit of poor comprehenders may indicate 
                                                 
9 Barnes et al., (1996) observed that literal memory for the text significantly predicted coherence-inference making in children. 





that when they are forced to integrate text information, their comprehension increases. This implies 
that giving appropriate instructions, or teaching poor comprehenders strategies, or a different approach 
to text, helps poor comprehenders to circumvent working memory limitations during text 
comprehension. Another factor to consider is working memory, as we will discuss in Chapter 2. 
 
However, it is also important to note that even though children use inferences frequently in non-
scholar activities, they often read texts in order to remember them, and without trying to relate the text 
content to what they know. This point should be taken into account in order to define reading 
development better in relation to inference making processes and knowledge.  
 
1.3.2. Metacomprehension 
Metacomprehension is another factor, at the text level, that needs to be mentioned. Metacomprehension 
is, indeed, critical for successful comprehension (Baker, 1989). Metacomprehension refers to 
verbalizable knowledge about reading comprehension and active monitoring of comprehension, 
including self-evaluation and revision (Ehrlich, Remond & Tardieu, 1999). Metacomprehension 
involves several elements: self-monitoring (i.e. the ability to recognize errors or contradictions in the 
text); strategy use (i.e. knowing which strategy to use depending on the type of text and /or reading 
goals); text sensitivity (i.e. the ability to discern important ideas from unimportant ones, the awareness 
of varying levels of text difficulty and variety of text genre) (Nist & Mealey, 1991).  
Metacomprehension skills allow the reader to monitor the comprehension process by, for example, 
helping him/her catch reading mistakes, or alter reading speed, according to text content (Walczyk, 
1995). Developmental studies have shown that metacognitive knowledge and control vary with reading 
levels (Cornoldi, 1990; Ehrlich et al., 1999). Poor comprehenders often have misconceptions about their 
reading goals: they do not check the level and the quality of their understanding of the text, and they are 
not aware of the strategies to help them used to attain their goals as readers (Brown, Armbruster & 
Baker, 1986). For example, poor comprehenders were found to be less aware of reading goals 
(Cornoldi, De Beni & Pazzaglia, 1996; Myers & Paris, 1978), to have poorer strategic knowledge 
(Garner, 1987), and less efficient control mechanisms (Cornoldi, 1990) than good comprehenders. Paris 
and colleagues (e.g. Myers & Paris, 1978; Paris & Jacobs, 1984) have found that knowledge about the 
purpose of reading and knowledge about the information provided by conventional features of text, is 
related to both age and reading comprehension. Perfetti (1994) proposed that a possible source of 
comprehension difficulty is inadequate knowledge about text structures and genres (part of the so-called 
text sensitivity in Ann Brown’s model, 1980). Contrary to children, mature readers are more apt to use 
their knowledge to process reading, to monitor their comprehension, to use different strategies, and to 
read in a different way according to their (own) reading purpose (Forrest-Pressley, & Waller, 1984).  
 





Different skills may contribute to a child’s reading comprehension level (Perfetti, Marron, & Foltz, 
1996; Carr, Brown, Vavrus, & Evans, 1990). The relative importance of different skills may, indeed, 
change during their development. Word reading, for example, is the best predictor of reading 
comprehension level in the early years (Juel, et al., 1986), but other skills become more important 
predictors of comprehension level as word reading ability develops through experience (Curtis, 1980; 
Saarnio, Oka, & Paris, 1990). As low-level processes such as word recognition and propositional 
encoding become efficient, attentional resources are devoted to high-level processes such as 
comprehension. It is worth noticing that studies on reading comprehension in children have been most 
interested in determining the source of individual differences between skilled and less skilled 
comprehenders, or more generally on those aspects that contribute to children’s poor comprehension.  
 
1.VII. READING COMPREHENSION IN OLDER ADULTS10 
Interest in reading comprehension and its change in adulthood or in aging has increased dramatically 
in recent years. The interaction between the reader, the task, and the text in adulthood determines 
whether or not reading comprehension will be successful in this phase of life. The literature on reading 
comprehension in aging, presented below, shows discordant results in regards to the magnitude of the 
age-related decline in this complex ability.  
As described earlier, reading comprehension involves many processes: the word-level, the textbase, 
and the global model of what the text is about (situation model –Kintsch, 1998; or structure building –
Gernsbacher, 1990; mental model, Johnson-Laird, 1983).  
In the case of aging and the word-level comprehension, even though decoding processes are slower in 
older readers, the spread of semantic activation through the semantic network of conceptual 
representations seems to be preserved. Older adults maintain their semantic representation –content, 
structure and organization-, which permits such activities as word association and script generation 
(see Burke, MacKay, & James, 2000). On-line measures of sentence comprehension do not differ, for 
example, between young and older adults (e.g., Wingfield & Stine-Morrow, 2000). Semantic priming 
effects in language comprehension can be even greater in older adults because of the greater 
knowledge they have acquired through experience (Madden, 1988).  
Textbase construction, however, appears to be influenced by aging. In fact, the age-related reduction 
in cognitive resources seems to compromise textbase representations. The more a text contains 
complex syntactic structures, the older adults will show a decline in text comprehension (Stine & 
Wingfield, 1987, 1990; Cohen, 1979; Kemtes & Kemper, 1997; Light & Capps, 1986). For example 
Kemper (1987b) found that one of the reasons for the general decline in lower levels of processing is 
that complex syntactic structures tax working memory. More generally, Kemper and collaborators 
suggest that reduced working memory produces a ceiling effect, limiting older adults not only in their 
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understanding of complex syntactic structures (Kemper, 1987), but also in their ability to construct 
them in the presence of a memory load (e.g., Kemper, Herman, & Liu, 2004; Kemper, Herman, & 
Lian, 2003). Indeed, age deficits in the comprehension and production of complex syntactic structures 
require the on-line storage of considerable information in working memory. It has also been shown 
that older adults need more time to process text units, and this additional time depends on the 
processing load (Stine & Hindman, 1994). Indeed, heavy processing load damages the integration of 
idea units (Stine & Wingfield, 1988). Nevertheless, during the processing of discourse, older adults are 
as efficient as young adults in constructing a model of the specific situation described in the discourse 
(Radvansky, Zwaan, Curiel, & Copeland, 2001; Radvansky, 1999; Morrow, Stine-Morrow, Leirer, 
Andrassay, & Kahn, 1997). In fact, “mental models of text are organized around representations of 
events rather than the linguistic expression describing those events” (Garnham, 1981 cited in 
Radvansky, Gerard, Zacks, & Hasher, 1990).  
Radvansky found age-related differences in verbatim and textbase memory, but no age difference, and 
even an advantage for older adults, when comparing young and older adults on the situation model. He 
proposed that while young adults use their resources to maintain the textbase, older ones only use the 
textbase as a basis for creating their situation models. This difference can lead to poorer propositional 
memory representation in older adults. Radvansky suggests that because of their more extensive 
experience, older adults invest their resources, which have been impaired by aging, in a superior or 
higher level goal: namely, to comprehend the message of the text by building a global situation model.  
What is, nonetheless, problematic is that the majority of the studies that are interested in reading 
comprehension in young and older adults examine age differences in both understanding and 
remembering the text. In these studies reading comprehension is merely conceived as the recall of the 
text. As a consequence, many researches have shown a decrease in reading comprehension abilities in 
older adults, and, more globally, in language processes with age. Most of these studies measured 
reading comprehension in terms of the ability to memorize and recall information stated in the text.  
Thus, a possible explanation for this decline in performance is that task requirements, almost entirely 
based on learning skills, are not relevant to the every day functioning of older adults (Hultsch & Pentz, 
1980). In contrast, the higher level of comprehension accuracy in young (generally students) compared 
to the older adults, could be due to their familiarity with tasks requiring the memorization of 
information independently of its relevance, because of read-to-remember demands of school (Schaie, 
1978; Hartley, 1986; Radvansky et al. 2001).  
Nonetheless, even in the studies that evaluate reading comprehension with measures like text recall, 
the results, between young adults and older adults, are discrepant (see Meyer, 1985; Johnson, 2003; 
Johnson, Storandt, Balota, 2003). The discrepancies may be due both to the reader and the text 
(Meyer, 1987; Hultsch & Dixon, 1984).  
 





1.1.1. Readers Variables 
Some of the differences in studies on reading comprehension and aging can be explained by 
differences in education, verbal ability, age level and metacognitive skills (metacomprehension) in 
sample participants. The characteristics of readers will be examined in this section. 
 
1.1.1. Education and Vocabulary level 
Age differences in text recall have been reported to interact with both level of verbal ability and level 
of education (Meyer & Rice, 1983; Poon, Krauss, & Bowles, 1984). Hultsch et al. (1990) (see also 
Johnson meta-analysis, 2003) found that comprehension performance of the elderly was worse when 
their educational level was lower than high school.  
Education and vocabulary level of participant are two reader characteristics that are crucial to take into 
account. In an early study by Taub (1979), it was shown that young and older adults with high verbal 
ability did not differ on a text-memory measure, contrary to older adults with a low verbal ability, who 
remembered less text information than the young adults with low verbal abilities. Meyer and Rice 
(1983) observed that if the level of vocabulary was higher than that of young adults, then age-related 
differences in reading comprehension were attenuated. As vocabulary level improves with age (see the 
meta-analysis of Verhaeghen, 2003), when older adults have an advantage on this measure, age 
differences are small (Johnson, 2003). It is also important to note that vocabulary as well as word 
knowledge declines from age of 70 onwards (Lindenberger & Baltes, 1997). However, studies 
generally tend to consider older groups as homogeneous, without distinguishing between the so-called 
young-old and old-old adults.  
Indeed, although in the 80’s when researchers did not systematically report the education level and 
verbal ability of young and older adults (e.g., Zelinski, Gilewski, & Thompson, 1980), all studies now 
report these variables systematically. In the study of Zelinski et al. (1980), for example, a clear age 
effect was found, but the lack of information on the educational and vocabulary level of participants 
makes it problematic to draw a definitive conclusion from their findings. If the role of verbal ability is 
quite well defined in children, in late adulthood no model has been proposed to assess how it is 
structured, and how its component skills can be sensitive to age-related changes.  
In addition, studies often vary in the age groups used, and in the definition of “older” adults in terms of 
the age range included. If the average of young group is generally 20 years, the mean age of the group 
of older participants can vary drastically. Some research defines the older group as being an average of 
60 years old, but for others the age range varies from 60 to 80 years of age, or from 60 to 70 years of 
age. When the average age for the older group is beyond 70 years of age, then age-related differences 
are evident. For example, Hartley (1986b) did not find a significant correlation between age and text 
recall when the age range was included between 60 and 70 years of age. This result could be ascribed 





to the fact that vocabulary part of the crystallized intelligence begins to decline at the age of 75 
(Baltes, 1983; Botwinick, 1978). 
 
1.1.2. Metacomprehension 
Furthermore, meta-comprehension skills are, as we have seen, critical to good comprehension (Baker, 
1989). The role of metacomprehension in reading comprehension has been widely investigated in 
developmental psychology, focusing on individual differences in good and poor readers. Few studies 
have treated the relationship between metacomprehension and reading comprehension in aging. 
According to Walczyk (1993) metacognitive skills in reading can be considered to be a compensatory 
mechanism. The mature reader can use metacognitive skills in order to compensate for his/her failure to 
understand or inefficient reading of subcomponents, caused by limited working memory capacity. Good 
readers with appropriate metacognitive knowledge and skills engage in a series of activities aimed at a 
good comprehension of the text. The decrease in metacomprehension abilities with age has been shown 
in different studies (De Beni & Cornoldi, 1985b; De Beni, Borella, Carretti, in press). Nonetheless, we 
agree with Mandel and Johnson (1984), who assert that meta-comprehension abilities decrease with 
age, either because they are less utilized, or because it is more difficult to profit from them.  
Lin, Moore and Zabrucky (2000) examined the role of metacognition in reading comprehension across 
adulthood. They offered 60 younger adults and 60 older adults a tool (Metacomprehension Scale) 
devised by Moore et al. (1997), which allowed them to measure metacognitive knowledge and control 
in relation to reading comprehension. Lin et al. (2000) showed that comprehension in younger and older 
adults was best predicted by different components of knowledge comprehension. For younger adults the 
best predictors were the measures of capacity (i.e. auto-evaluations of comprehension), and of 
regulation (i.e. the assessment of the strategies used by an individual to solve comprehension 
problems). On the contrary, the older adults’ performance was explained only by their regulation skills. 
It is worth noting that these differences were found only when expository texts were examined. 
 
1.1.2. Text Variable 
In order to clarify the literature on reading comprehension in aging it is important to underscore 
variables in texts that affect learning and memory. Some of the inconsistencies in the research can be 
explained by specifying differences in texts used in the research, and methods used to examine recall 
from the text.  
 
We have already emphasized that the final aim of reading comprehension is to construct a coherent 
representation of the text. To obtain this objective, the ability to identify the top-level organization of 
the text and the interrelationship between its main ideas is essential. Studies have shown that young 





and older adults did not differ in judging the importance of ideas in the text (Petros, Norgaard, Olson, 
& Tabor, 1983; Rice & Meyer, 1986). Indeed, for example, information that is high in the hierarchical 
structure of the text is better recalled than information that is low in the structure. This level-effect is 
taken as evidence that the reader is sensitive to the relative importance of the ideas, as the author 
organized them. Although young adults can recall more of the logic and major detail that support the 
main ideas than older adults, young and older adults do not differ on questions about the main ideas 
(Meyer & Rice, 1981). In addition, both older and young adults recall clearly organized stories better 
than non-canonical -less-organized- ones (Mandel & Johnson, 1984); and are likely to recall the same 
types of texts units (e.g., Zelinski, et al., 1980; Mandel & Johnson, 1984). Overall, we can say that 
both young and older adults are affected in similar ways by text organization.  
 
1.2.1. Type of Question: Inference and Detail 
Age differences with respect to the type of questions (detail or inferential) are not clear at all. Some 
studies show age deficit in making inferences (Cohen, 1979; Zacks & Hasher, 1988), others do not 
(Belmore, 1981; Hess & Arnold, 1986; Zelinski & Miura, 1990; Light & Alberston, 1988; Light, 
Valencia-Laver, & Zavis, 1991). For example, Hamm and Hasher (1992) found that the ability to draw 
inferences was affected by aging. In their experiment, participants read passages that suggested a 
target inference. Further support for the target inference was then added, as well as unexpected 
passages that initially suggested an incorrect inference that supported the target inference. Participants 
were then asked to judge whether words presented at crucial points during the passage were consistent 
with their initial interpretation of it. Older participants accepted more incorrect inferences than young 
adults.  
These inconsistent results, as different authors have remarked, may be due to methodological 
differences in the type of inference requested, and in the passage length. For example, Light and 
Alberston (1988) found that older adults have performances similar to young ones for logic inferences 
but not for pragmatic ones. Age differences between young and older adults emerged when causal 
rather than referential inferences were required, and when long passages were presented, as suggested 
by the results reported by Cohen (1979), and Zacks and Hasher (1989). Older adults make both fewer 
inferences at a more general level, and fewer specific inferences. This effect increases with the number 
paragraphs. Hence, it appears that in aging, the passage length can be a sensitive variable for 
determining the response accuracy to inferential questions.  
According to McGinnis and Zelinski (2003) the decline in inference processes is more qualitative: 
older adults can produce as many inferences as young adults, but the inferences generated vary across 
inference categories (for example more generalized inferences compared to specific ones). Some 
studies have shown that old-old adults produced twice as many generalized inferences as young-old 
and young adults. This result suggests that in advanced age, the focus is on thematic and 





overgeneralized information during text processing due to abstraction problems (e.g., McGinnis & 
Zelinski, 2000; Light, Zelinski & Moore, 1982). This means that in old-old adults the processing of 
verbal information is done at conceptual levels that favor thematic information, thereby damaging the 
specificity of accuracy and interpretation levels. The discrimination of explicit relevant or irrelevant 
information in the text is an important process in text comprehension (e.g., Daneman & Green, 1986): 
if the attention of the reader is on information that is not relevant or less relevant, then comprehension 
will be less accurate.  
Studies examining the recall of detail also demonstrate contrasting results. Some researches found a 
decline in recall of details with age (Hultsch & Dixon, 1984; Kliegl & Lindenberger, 1993; Adams, 
1991), while others did not (Meyer & Rice, 1986; Cohen, 1979).  
Generally, the studies showing a decline in the recall of details with age suggest that memory decline 
can be responsible for it. Nonetheless, the verbal ability and the type of text used are critical aspects in 
determining the performance of older adults in recalling text details (Meyer, 1987; Dixon, Hultsch, 
Simon, & von Eye, 1984). Dixon et al. (1984) showed that young, middle-aged and old adults with 
high-verbal ability did not differ in their recall of high-level information; for details, the young showed 
a better recall than the middle-aged and both were favored compared to older adults. In contrast, clear 
age differences for high-level information, but not for details emerged in the lower-verbal ability 
participants. Furthermore, Meyer (1987) presented a well-structured text with a clear plot to young and 
old high-verbal ability readers and found important age differences for details, but not for main points 
and logical relationships. Conversely, for low-verbal ability readers (young and older adults), using the 
same type of texts, the main effect for age was observed for the recall of main points, but not for 
detail. On the contrary, presenting unstructured text, age differences for high-verbal ability readers 
were found for main points, whereas age-difference for low-verbal ability participants were found for 
details. Meyer (1987) suggested that such differences could be ascribed to the reader’s responsiveness 
to the author’s intentions. In “well structured texts” high-verbal ability older adults focused more on 
the main points and on logical relationships in the text because the strong narrative plot indicates the 
author’s intention to focus on this. As details add only information that is not “essential”, they are 
stored only if they do not overload capacity. With “unstructured text” (the text structure is not 
emphasized), the author could expect the reader to focus on details that catch their attention: in this 
case high-verbal ability older adults pay more attention to details. In others words, when specific 
details are emphasized over the structure, older adults appear to use their resources to process the 
details at the expense of fully processing the main ideas and logical relations. For low-verbal ability 
participants, Meyer argues that the inverse pattern of results is due to their inefficient reading 
strategies: although low-verbal ability participants are aware of the author‘s aims, they are less 
efficient at searching and encoding information. These results have been, more globally, interpreted in 
terms of the decline in processing ability and reading strategies. 
 





1.2.2. Text Genre 
Another factor usually mentioned to explain age differences in reading comprehension in young and 
older adults is whether the prose is narrative or expository. Indeed, age-related differences for reading 
comprehension for expository text are more obvious than for narrative texts. However, analysis of the 
literature highlights contrasting results on age-related differences in text genre. Several studies have 
found out age-related differences for the expository text, and not narrative text (Tun, 1989; Wingfield 
& Stine-Morrow, 2000).  
Authors that agree with this view, claim that expository texts are more demanding for attentional 
resources because their internal structure is more densely laden with content (van Dijk & Kintsch, 
1983; Budd, Whitney & Turly, 1995), and less cohesively organized by temporal and causal 
relationships (Tun, 1989). As expository texts are more unfamiliar and may place greater demands on 
the reader (Budd et al., 1995), they are harder to process than narrative ones. Narrative passages, on 
the contrary, are easier to process because of their greater familiarity, predictability, and well-defined 
structure and content (Graesser, Hoffman & Clark, 1980). Moreover, as narrative text has a higher 
degree of cohesion, the reader can access the information related to the causal structure of the text 
more quickly than information that is not included in the causal chain. The reader allocates his/her 
processing resources differently according to the text genre by focusing more on the propositional text 
base in the case of the expository texts, and on the situation model in the case of the narrative texts 
(Zwaan, 1994). Different studies have shown age-related decline in the surface level but not in the use 
of the situation model. The difficulty older readers have in understanding expository text can therefore 
be ascribed to the necessity of focusing on the propositional level of the text (Radvansky et al., 2003; 
Radvansky, et al., 2001; Caplan & Schooler, 1999). Overall, older adults would have more difficulty 
in understanding expository texts because they must solicit a larger pool of cognitive processes. 
Zabrucky and Moore’s findings (1999) are consistent with this hypothesis. They have shown that 
narrative passages are more quickly read and recalled by elderly people than expository ones (Tun, 
1989), thereby supporting age-related differences in the comprehension of expository texts (Johnson, 
2003).  
 
1.2.3. Text Difficulty  
Age differences have been shown to increase with the level of difficulty of the task (Stine, 1995). That 
is, more difficult texts (e.g., unrelated sentences varying in propositional density) are associated with 
an age-related decrease in performance, because they do not provide a complete context for 
comprehension. In terms of the discourse theory by Kintsch, indeed, for most dense sentences and 
texts, the capacity of the buffer is exceeded by integration across input cycles. In addition, if elderly 
participants cannot benefit from the availability of context during prose processing, they store and 
retrieve information less efficiently than young adults; consequently older participants may 





demonstrate poorer comprehension accuracy than younger ones. This is corroborated by Light and 
Anderson (1988) who found that age differences emerge only when the memory load involved in the 
text is high.  
Stine, Loveless and Soederberg (1996) found that on-line reading times were similar in young and 
older adults until the text increased in syntactic complexity. They studied reading times for clauses in 
short text and how they were affected by text characteristic at word, proposition, and discourse level. 
Clear age differences were found at lower levels, but the performance of young and older adults were 
equivalent for the situation model. Kemtes and Kemper (1999) observed that the performance of older 
adults for off-line tasks (e.g., answering to questions) is affected when complex ambiguous sentences 
were presented. Furthermore, the memory performance of older adults is particularly affected by left-
branching constructions, which involve working memory capacity to a greater extent than right-
branching ones (Kemper, 1987).  
 
1.1.3. Task Variables 
The type of tasks participants are asked to perform can have an influence on reading comprehension. 
The presentation mode and rate of text presentation have been shown to influence text recall. For 
example, when the reading is self-paced, text recall is superior (Stine, Wingfield, & Poon, 1986). 
When long texts are presented in a self-paced procedure a number of studies have found no age-related 
differences (Meyer & Rice, 1981; Harker et al., 1982). However, when using with limited reading 
times, as Zelinski, Light, and Gilewski (1984) did, clear aging deficits are found. This particular 
finding is not surprising, since aging is associated with a generalized slowing of cognitive functions 
(see Salthouse, 1996b). But, in everyday reading situations reading time limitations are rarely imposed 
on readers, thus the comprehension deficits observed in older adults due to reading slowness can be 
remedied by increasing the time spent in reading a passage. Moreover, Cohen (1979) observed that 
presentation rate influences older adults for inferential questions, but not for questions of detail. 
Meyer, Talbot and Florencio (1999) found that when reading computer text at a slower pace (90 words 
per minute) older adults had a better recall for information than at a faster pace.  
These results indicated that self-paced reading permits older adults to compensate for the age-related 
decline in the speed of processing information (e.g., Birren, 1974), and the decline in working memory 
capacity (Spilich, 1983).  
Furthermore, the type of instruction given consistently affects age-related differences in reading 
comprehension. Indeed, in real-life situations the reader generally reads a text to comprehend it. As we 
will see in paragraph 1.1.4, it is, therefore, important to present reading comprehension tasks that 
resemble what readers experience in real life. 
 
 





1.1.4. Reading Comprehension “Per Se” 
Almost all the studies that have been reported, thus far have only investigated reading comprehension 
in terms of text recall or sentence recall. Few researches were interested in examining reading 
comprehension in terms of comprehension per se, without adding memory load. Presenting reading 
comprehension tasks that are more similar to every day reading situations can help to clarify the real-
life effects of aging on this complex skill, without the specific experimental manipulation of texts.  
Using more natural reading comprehension tasks, De Beni, Palladino, Borella and Lo Presti (2003) 
found that older adults reach a sufficient level of reading comprehension compared to normative 
values of adequacy. This result supports the authors’ hypothesis that comprehension skills of elderly 
remain sufficiently intact for functioning in every day life. Other studies also found that age-related 
differences are less striking than expected (Radvansky, et al., 2003; Soederberg & Stine, 1995; De 
Beni et al., 2003), or even absent (Ehrlich, Brebion & Tardieu, 1994; Burke, et al., 2000; Meyer & 
Rice, 1983; Stine-Morrow, et al., 2004; De Beni, et al., in press) when reading comprehension per se, 
or the ability to build a representation of the text is assessed (Johnson-Laird, 1983; van Dijk & 
Kintsch, 1983; Zwaan & Radvansky, 1998). Like young adults, older adults are able to update their 
situation models during comprehension (e.g., Morrow, Leirer & Altieri, 1992; Morrow, Stine-Morrow, 
Leirer, Andrassy, & Kahn, 1997; Radvansky, Copeland, Berish, & Dijkstra, 2002; Radvansky et al., 
2001; Radvansky & Curiel, 1998), and to integrate information into situation models in order to reduce 
retrieval interference (Radvansky, Zacks, & Hasher, 1996).  
In the studies by Radvansky and colleagues, it has been shown that the basic construction of 
representation, and its use is not affected by aging. It can be said that the capacity of older adults to 
size the meaning of the text is equivalent to that of young adults. In Radvansky, Gerard, Zacks, and 
Hasher’s (1990) study, participants listened to a series of sentences and then took a forced-choice 
recognition test in which they had to decide which of the two sentences they had heard earlier. A 
higher number of errors were committed when an incorrect distractor sentence referred to the same 
situation as the original sentence, than when the distractor sentence referred to a different situation. 
According to the authors, this is because people make decisions based on situation models that were 
formed earlier. However the most important finding in this study was that the performances of young 
and older adults were similar. 
In another study, Radvansky et al. (1996) examined the presence, or absence, of interference during a 
recognition test. Results indicated that both young and older adults integrate information into situation 
models that referred to the same situation, avoiding interference. Radvansky and Curiel (1998) 
demonstrated that young and older adults are equally able to update their situation models with new 
information. In order to understand a situation described in a text it is necessary, for example, to 
update information about the characters’ goal, as only goals that are unaccomplished have to be 





maintained available in memory. Using a probe identification task they found no age-related 
difference in the accomplished vs unaccomplished goals between young and older adults. 
Radvansky, Zwaan, Curiel, and Copeland (2001) examined memory performance on the surface and 
propositional level, and for situation-model by presenting different texts to young and older adults. 
Younger adults showed better memory performance, on a recognition task, for the surface and 
propositional levels, but not at the situation-model. At this level older adults outperformed young 
adults, which demonstrates that older adults favor higher level processing, and select information that 
is necessary to understanding the situation described better (see also, Radvansky et al., 2003). One 
interpretation the authors gave of this finding is of particular interest: as older adults have fewer 
processing resources “those resources that are available can be better directed to the end product of 
comprehension, which is the construction of a coherent situation model… preserved situation model 
processing is a compensatory strategy for losses at lower levels”.  
The priority given to the situation model or to structure building by older adults, contrary to young 
adults that favor the textbase representation, is also supported by a lifespan study on memory for text 
(Adams, 1991), and by studies on rereading. Stine-Morrow, et al. (2004), for example, showed that 
during a first reading older readers favor the holistic structures of discourse, and they only analyze the 
textbase content while rereading the text.  
Hence, older adults seem to have preserved all the abilities that help them in understanding what the 
text is about, but not the abilities linked to the surface form and proposition levels, such as the 
prepositional content and syntactic complexity of the text (Stine & Wingfield, 1988; Light & Capps, 
1986). Labouvie-Vief (1985) suggested that different modes of information text processing 
characterize the lifespan: while older individuals focus on higher-level integrative units of text 
meaning, young adults favor encoding and recall of surface level information. Hence, development in 
lifespan is characterized by the growth, maintenance and regulation of loss that follows individual 
changes (e.g., Baltes, Staudinger, Lindenberger, 1999; Baltes, 1987). “…the course of language 
development across the lifespan is characterized by the gain, loss, and preservation of complexity” 
(Kemper, Rash, Kynette, & Norman, 1990). 
Moreover, it important to note that little is known about the changes that occur in cognitive processes 
in late adulthood, a period that is supposed to show a more pronounced cognitive decline (Baltes & 
Mayer, 1999). Indeed the majority of cross-sectional studies consider the elderly as a whole, without 
distinguishing between young-old and old-old (over 75 years of age) even though this population has 
grown. Referring to the crystallized pragmatic intelligence theory (see Horn, 1994; Baltes, 1997), this 
distinction seems crucial to us. According to Baltes, the cognitive performance in the crystallized 
abilities in young-old adults should present maintenance phase, in contrast with clear decline that 
occurs in the fourth age (old-old: > 75 years) (Baltes & Smith, 2003).  





1.VIII. READING COMPREHENSION ACROSS THE LIFESPAN 
Though many studies have been conducted on reading comprehension in order to understand its 
processes, how the reader comprehends text, independently of the age group considered, to our 
knowledge, only one study has adopted a lifespan perspective: namely, by Adams (1991). In general, 
indeed, research has investigated reading comprehension within children, or comparing young adults 
and older adults. Unfortunately, Adams’ study only examines the development of reading 
comprehension in terms of recall and summary of texts, and not the comprehension per se.  
In our opinion, moreover, her lifespan perspective is somewhat limited, as she considers age changes 
from adolescence, and not from childhood or late childhood. In addition, she did not distinguish 
between young-old and old-old participants. In fact, older participants have a mean age of 67.12 years. 
Nonetheless, this study is very important because it includes several age groups, that represent several 
life stages, in order to assess possible qualitative age differences in memory for text. Indeed, she 
respected one of the major assumptions of the lifespan, namely, that development is not completed at 
adulthood but extends across the entire life course. Adams focused on decline but also on the gains 
that occur in the memory for text with aging. She studied age differences “in the amount of text 
information that is acquired and in the speed at which information is processed” (Adams, 1991). 
Results showed that there is an increase from early adolescence to late adolescence in the number of 
reproductions and elaborative inferences produced. Indeed, in young adolescents, recall and summary 
were a reproduction of the text. From mid-aged adulthood the text-based units recalled decreased, 
while the number of elaborative inferences remained stable.  
Consequently, in agreement with Radvansky’s results, older adults were more likely than adolescents 
to reconstruct rather then reproduce text-base units when recalling the text. Furthermore, the more 
interpretative and reconstructive approach of older adults, contrary to the propositional content of the 
young, also emerged in the analyses of their text summaries. Older adults favored the abstract and 
metaphoric meaning of the text. Adams’ findings suggest that text information is subject to qualitative 
differences, which are represented differentially according the age period: older adults favor the 
deeper meaning of the text (see also Labouvie-Vief & Schell, 1982). The “attitude” of older adults 
may, in our opinion, be due to the linguistic and crystallized abilities, which are better than those 












Reading comprehension can be conceived of as a series of processes which aim to building a local and 
global representation of a text, so that its meaning is captured. Individual differences can be ascribed 
to different levels of processing, which depend on the degree of the reader’s “expertise”. In young 
children word identification is an essential aspect of reading comprehension: several studies have 
shown that word identification and language comprehension explain a significant part of the variance 
in reading comprehension (see Gough & Tunmer, 1986; Gaugh et al., 1996; Juel, et al., 1986). With 
development of reading other aspects become more crucial in reading comprehension, such as 
vocabulary, and knowledge (see Perfetti, 1985). In fact, reading comprehension is a complex dynamic 
interaction between the text, and the reader (Fayol, 1992).  
We have briefly described some reading development models: without denying the role of the lower 
level processes in reading comprehension, we have tried to put the accent on studies on poor and good 
comprehenders (see Oakhill’s studies) in order to understand what explains individual differences in 
reading comprehension. Once specific basic aspects of reading comprehension are automatized 
sufficiently, success in reading comprehension performance must be ascribed to processes linked to 
textual integration. Specific comprehension difficulties of poor comprehenders, for example, do not 
explain why they cannot integrate the text.  
In particular, inferential processes are particularly important for the text interpretation, as they favor 
the situation model of the text. Hence, the processing constraints that regulate the maintenance and 
processing of text units and information are central to comprehend the text (Daneman & Merikle, 
1996) in both children and adults.  
A general issue that emerged in this literature review of reading comprehension is that the majority of 
the studies are based on text recall; especially when age-related differences between young and older 
adults are examined. Although results on text recall in older adults are discordant, memory for text 
appears to be compromised (see Johnson meta-analysis, 2003). The panorama of reading 
comprehension skills, however, is not well defined because of the non-systematic control of reading 
comprehension variables. It is not clear, for example, if aging affects more the inference making 
process or the recall of details. As Meyer (1983) highlights, contrasting results can be due to the 
following variables: the text (text genre, level of difficulty at a syntactic level), and the reader’s 
characteristics (age, vocabulary, education, ect.). Nevertheless, all the studies that have examined 
comprehension per se, using more ecological paradigms, found that the performance of older adults is 
similar to that of young adults performance, and thus, that their level of comprehension is adequate.  
 
 





As Perfetti stated the “game in reading is comprehending the text”. In the present study the game in 
reading comprehension is to assess a) age differences across the life span in children, young adults and 
older adults, b) whether cognitive mechanisms account for age differences. 
In the next chapters the principal cognitive processes involved in reading comprehension are 
presented. In particular, we will discuss the relationship between working memory and reading 










CHAPTER 2  




In the previous chapter, a panorama of some of the main processes involved in reading comprehension 
in children and in adulthood was presented. Time after time, the concept of a limited processing 
capacity, or working memory, (Just & Carpenter, 1992; Kintsch & Van Dijk, 1978) has been evoked 
as central in explaining individual differences in reading comprehension.  
Indeed, often the models on adult reading comprehension call upon working memory capacity. 
Working memory is, however, operationalized differently depending on the theoretical point of view. 
For example, in the first chapter we saw that Just and Carpenter spoke of working memory in terms of 
a maximum quantity of activation, yet for Ericsson and Kintsch it represents part of the long-term 
memory. Nevertheless, all models agree that the role of working memory in reading comprehension is 
one of the major determinants, if not the major one, of the efficiency of reading comprehension 
processes and success. Indeed, reading comprehension cannot be understood independently of the 
limitations of the ability to maintain and process text information in order to construct a coherent 
propositional or situational representation of text information. As reading comprehension involves 
several processes and level of representations (proposition, text-base, and situation model) that are 
generated, maintained, and processed over time (i.e. storing the information from one sentence whilst 
reading the next one), working memory capacity is considered to be what makes their coordination 
possible (e.g., Just & Carpenter, 1992; Fischer & Glanzer, 1986; Kintsch & van Dijk, 1978). In order 
to construct a coherent, integrated representation of the text the reader must be able to hold 
information in memory whilst computing the relations between successive words, sentences, and 
paragraphs.  
 
2.II. WORKING MEMORY 
Working memory can be viewed as the amount of cognitive resources available to store information 
while at the same time processing incoming or recently accessed information for use in other cognitive 
tasks. Because of its importance in a great variety of cognitive tasks, this concept is distinguished from 
other related memory systems (e.g., short-term memory). Although different working memory models 
have been proposed, they all agree to a certain extent that working memory is a central issue in 
explaining both age and individual differences in cognition. The hypothesis that changes in working 





memory capacity account for more general cognitive changes both in children and in older adults is, 
indeed, shared in both developmental and aging research (de Ribaupierre, 2001). 
Nevertheless, working memory is a notion for which the structural and functional definitions are very 
different depending on the theoretical approach, as its conceptual definition is quite complex. Some 
authors suggest that working memory should be considered as a unitary system regulated by 
attentional resources (e.g., Engle, Tuholski, Laughlin & Conway, 1999), while others stress the 
modality-specific nature of some of its processes (Baddeley & Logie, 1999; Cornoldi & Vecchi, 
2003).  
Developmental approaches, for example, focus more on the functional role of central, general-purpose 
working memory capacity (Case, 1985), than on its architecture or on the capacity of peripheral 
components (Baddeley, 1986).  
Indeed, there are two dominant streams of research that try to characterize working memory. For some 
researchers, working memory is a system with structurally distinct components, and they focus on its 
architecture (e.g., Baddeley & Hitch, 1974). For others, working memory is not a specific system but 
an activated subset of long-term memory (Pascual-Leone, 1983; Engle, 2002), and its capacity is 
defined by its content (de Ribaupierre, 1995). This is the case of Neo-Piagetians, according to whom 
the processes involved in working memory tasks are the same as those involved in many others 
cognitive tasks, because they require the capacity to maintain attention.  
For the most part we agree with the second stream of research because it accounts for developmental 
changes (Case and Pascual-Leone)11 and individual differences (Engle), with respect to complex 
cognition, better. Hence, we consider that working memory is an activated subset of long-term 
memory that essentially serves to hold and process attentionally information, and is relatively domain 
free. Indeed, we are more interested in the main functions of working memory than its structures. 
Nonetheless, we will briefly describe Baddeley’s model because of the role that one of his working 
memory slave systems, the phonological loop, plays in language development.  
In the following section we will present four working memory perspectives: the model of working 
memory developed by Baddeley (1986), two Neo-Piagetians models (Case and Pascual-Leone), and 
the theory of cognitive control by Engle. Their presentation will permit us to assess the importance 
that they place on the structure, or on the function, of working memory from an experimental, 
developmental, and differential point of view. In any case, all these models provide interesting 




                                                 
11 Nonetheless, the Baddeley model and neo-Piagetian models (Case and Pascual-Leone) can be conceived as complementary rather than 
antagonistic (see de Ribaupierre & Bailleux, 1994, 2000). 





2.III. WORKING MEMORY MODELS 
III.1. BADDELEY’S MODEL  
In the 70’s the concept of working memory challenged Atkinson and Shiffrin model (1968), which 
proposed a short-term memory system, which assured the storage and processing of information 
during complex tasks (long-term learning, reasoning), and a long-term memory. However, many 
studies have shown that long-term learning is not dependent on how long information is maintained in 
the short-term store. For example, neuropsychological studies have provided evidence that does not 
support the “obligatory” passage of information from short-term to long-term memory (Shallice & 
Warrington, 1970). Using concurrent tasks during complex activities (verbal comprehension, 
reasoning, memory retrieval), which were presupposed to call upon working memory, Baddeley and 
Hitch (1974) demonstrated that, under concurrent load the complex tasks were not damaged. This 
prompted Baddeley and Hitch (1974) to propose a tripartite working memory model.  
Working memory, according to this classical model, is a system of a limited capacity, which can be 
divided between storage and control processing. Working memory is composed of a central control 
element, the central executive12 that supervises and coordinates the activities carried out by subsidiary 
peripheral systems that are specific to each sensory modality. These slave systems are called the visuo-
spatial sketchpad and the phonological loop (Baddeley, 1996; Baddeley & Logie, 1999). The 
phonological loop is responsible for temporary storage of auditory/verbal material, and for the 
translation of visual stimuli into a phonological format (Logie & Baddeley, 1990). The visuo-spatial 
sketchpad is responsible for both the processing and storage of mental images, and/or the visual or 
spatial information (Baddeley, 1990). The two slave systems, each initially conceived of as a unitary 
structure that passively stores information, were revised later. The phonological loop was divided into 
the passive phonological storage that stocks information in phonological code for a limited time, and 
the rehearsal process, that allows to refresh information, thus avoiding its decay (see Baddeley, 1986). 
The rehearsal process is particularly crucial in language perception and production. The visual-spatial 
sketchpad was specified by a visual cache, which passively stocks information, and the inner scribe 
that refreshes visuo-spatial information (see Logie & Pearson, 1997). The central executive, a control 
system, is above the two slaves systems. It works as a supervisory structure that selects voluntary 
strategies and coordinates activities in order to process the stimuli that was stored by the two slaves 
systems. It thereby maintains attention on long-term information, but does not have any storage 
functions. As the role of the central executive has not been sufficiently tested, a new model was 
proposed to better define the characteristics of the working memory system and its relation with long-
term memory. In the tripartite model, Baddeley (2000) found it difficult to explain prose recall, for 
example. Therefore an episodic buffer was recently added in the model (Baddeley, 2000). This buffer 
                                                 
12 The central executive is similar to the Supervisory Attentional System (see Norman & Shallice, 1984).  





is defined as a “limited-capacity temporary storage system capable of interpreting information from a 
variety of sources” (Baddeley, 2000), including long-term memory. Unlike the phonological loop, the 
episodic buffer has a larger capacity and acts as a temporary storage unit “accessed by the central 
executive through the medium of conscious awareness”. The central executive, which controls the 
episodic buffer by directing a given source of information, does not have any storage capacity. 
However, clearance of this buffer, for the moment, has not been specifically discussed, nor has 
Baddeley proposed a way to operationalize it. 
 
In this architecture, the phonological loop is the component that has been most extensively studied, 
especially in the area of language (see Gathercole & Baddeley, 1993). The functional structure of the 
phonological loop accounts for the following effects: the phonological similarity effect (Baddeley, 
1966a), the word-length effect (Baddeley, Thompson, & Buchanan, 1975), the unattended speech 
effect (Colle & Welsh, 1976), and the effect of articulatory suppression (Baddeley & Hitch, 1974). 
 
1.1.1. The Phonological Loop and Language 
Working with this framework, research has mainly focused on age differences in the phonological 
loop (see Gathercole & Baddeley, 1993). Many studies with children have shown that the 
phonological processing has an important impact on the development of reading (Gaugh & Turner, 
1986; Stanovich, Cunningham, & Cramer, 1984; Jorm, 1983). The phonological loop is assumed to be 
specialized in the retention of verbal information for short periods of time. In fact, phonological loop, 
including the phonological store and rehearsal process, has a limited capacity (1.5 or 2 seconds), in 
order to prevent the rapid decay of representations (but see Miller, 1956). According to Gathercole and 
Baddeley (1993), “the phonological component of working memory mediates the link between 
phonological processing and success in learning to read” (see also Adams & Gathercole, 1996): for 
example learning of new words is linked to phonological memory skills. Several studies have shown 
that a significant and specific part of the variance in reading efficacy is explained by phonological 
memory (Baddeley & Gathercole, 1992; Gathercole, Willis, & Baddeley, 1991). Children with reading 
disabilities, but with normal intelligence and speed of articulation, for example, are particularly 
impaired when required to repeat non-words (Gathercole & Baddeley, 1990). This finding reflects a 
phonological deficit (e.g., a deficient utilization of the phonological recoding function of the 
articulatory control process), which could be ascribed to the phonological loop (Baddeley & Wilson, 
1993; Baddeley, 1996).  
The phonological loop is also involved in language comprehension. Neuropsychological studies 
showed that patients with a very limited short-memory span are impaired in the comprehension of 
heard and written complex sentences, but not of simpler ones (Vallar & Baddeley, 1987; 1984).  





In 1998 Baddeley, Gathercole and Papagno reviewed extensive evidence based on experimental, 
correlational and neuropsychological studies13 with children and adults that supported the importance 
of short-term phonological memory in the construction of representation of phonological words.  
However, several authors have shown that explaining word and language learning with a single factor 
may be oversimplified, as different abilities are involved in it (e.g., Snowling, Chiat, & Hulme, 1991; 
Swanson & Ashbaker, 2000).  
From a developmental perspective, the different structures composing working memory are considered 
to be already present from early childhood (e.g., infancy), and changes are attributed to processing 
efficiency and strategy use. Many studies have shown that the phonological loop grows with age. 
Nonetheless, the age at which rehearsal capacity is observed depends on the experimental situation 
(type of presentation). The ability to rehearse items presented aurally, for example, is already present 
in young children (4 to 8 year-olds) (e.g., Hulme & Tordoff, 1989), whereas the ability to verbally 
code items presented visually does not appear before the age of 10 (e.g., Hitch & Halliday, 1983; but 
see Henry, 1991a). Indeed, only older children use the articulatory rehearsal independently of the 
modality of presentation. This growth of the verbal coding can, for example, determine reading 
acquisition (see Gathercole & Baddeley, 1993).  
According to Baddeley (1986), the developmental increase in the phonological loop in terms of word 
or digit span, is accounted for by the development of articulatory speed rather than by the development 
of the central executive. Indeed, the faster the articulatory rehearsal is, the higher the span (e.g., 
Hulme, 1984; Baddeley, 1986; but see Case, 1985), as the child can maintain more verbal material in 
phonological store. Hitch, Halliday and Littler (1989), found that developmental changes are better 
explained by the central executive, more precisely by the increase in the flexibility of using different 
codes, than by the transition between visual and phonological code. Moreover, according to de 
Ribaupierre and Bailleux (1994) “the increase in articulatory rate does not play a causal role, but 
depends on a more general developmental mechanism”. 
In a recent work, Gathercole, Pickering, Ambridge and Wearing (2004) studied the structure of 
working memory and its development in children from 4 to 15 years old. Their aim was to determine if 
the three components of Baddeley and Hitch’s working memory model were present in young children 
and gradually improved with age, or if the different components emerged at different ages. They 
observed a linear increase from the age of 4 to 15 for the phonological loop, the visuo-spatial 
sketchpad and the central executive14. Furthermore, their results suggest that the tripartite structure of 
working memory is present at least from 6 years of age, without any obvious developmental changes 
in the relationship between the component for others ages groups (till early adolescence). 
                                                 
13 For example: correlational studies on children’s first language acquisition; children first learning of word pairs vs non-words pairs; adults 
experiments on the effect of manipulations like articulatory suppression, word length, phonological similarity on learning non-words; 
performance of neuropsychological patients, and of children with disabilities. 
14 The central executive was measured with the following tasks: listening recall, backward digit recall, and counting recall. 





Nevertheless, as others studies have not confirmed such a clear distinction between the different 
structures of the working memory, it is difficult to interpret these results. 
 
III.2. NEO-PIAGETIAN MODELS 
“The idea of working memory is essential in 
cognitive psychology”  
(Pascual-Leone & Baillargeon, 1994). 
Developmental studies on working memory have shown an increase in complex span performance 
during childhood. In the next sections, two main neo-piagetian models will be presented: Pascual-
Leone’s model and Case’s model. The neo-Piagetian models try to explain cognitive development in 
general such as general cognitive stages. These general stages are defined by limits in attentional 
capacity that impose severe constraints on cognitive performance. The concept of stage, therefore, 
corresponds to the upper limits at which children can function, more than to the form that behavior 
takes across a domain. However, there can be considerable variation in functioning across situations 
and individuals. To our knowledge, Pascual-Leone and Case are the only Neo-Piagetians who have 
tried to make a theoretical interpretation of development and of the functioning of working memory. 
Neo-Piagetians models focus on working memory capacity and its assessment in order to study its 
predictive power with respect to cognitive development. Indeed, attentional capacity, or “working 
memory” is considered one of the major constraining factors on the development of cognition in 
children (Case, 1982). 
The relevance of these models to the present study is due to the importance they attributed to working 
memory as a “causal factor” of cognitive development (de Ribaupierre & Bailleux, 1994), even if it is 
not the only one (see also Halford, 1993). Moreover, as the limits in attentional capacity are supposed 
to impose severe constraints on cognitive performances, and to operate across a broad range of 
situations, their role in reading comprehension could be crucial for a successful comprehension.  
Neo-Piagetians used different, albeit similar concepts to refer to working memory, such as M-power 
(Pascual-Leone, 1987), or the total processing space (Case, 1985). 
 
2.1.1. Pascual-Leone’s Model: the Theory of Constructive Operators (TCO) 
What is interesting about this model is its multidimensional conception of working memory and 
development. Pascual-Leone presents (1970; 1983) a dynamic interaction between the representational 
format of item information and the underlying mechanisms that activate information (nested levels of 
activation). Pascual-Leone conceived organism as constituted by a “republic” of separate operators in 
a dynamic interaction that in turn creates working memory (mental attention15, M-capacity). The M-
                                                 
15 The construct of mental attentional energy (M operator) can be interpreted as one of the functions of the supervisory attentional system 
(Norman & Schallice, 1980; 1986) or the central executive (Baddeley, 1992). 





capacity can be defined as the number of separate operational schemes that can be simultaneously 
activated by means of these attentional resources. It is seen as a limited capacity to boost the activation 
of schemas relevant for task performance, and it is measured in terms of the maximal number of 
schemes that a person can actively keep in mind at any one time (Pascual-Leone, 1970). Depending on 
whether the situation is misleading16, some activated schemes can be inhibited, while others require 
supplementary activation. This last subset defines the field of Mental Attention. 
When an input arrives a number of schemes are activated, through their own propensity to activate and 
via some of the “metasubjective operators” (described below), in the repertoire of long-term memory. 
These total schemes activated at a given time characterize the field of activation. Schemes that are 
dominant and congruent with the situation (performance) are activated and concur with performance 
(Principle of Schematic Overdetermination of Performance)17.  
Another fundamental construct in the Theory of Constructive Operators is that of second level or 
metasubjective operators. The TCO treats schemes of the first level as “subjective” operators, because 
each individual possesses a large personal repertoire of them. Metasubjective operators, on the other 
hand, cannot be a part of subjective experience because, unlike schemes, they do not have their own 
information content. Another fundamental construct in the Theory of Constructive Operators is that of 
second level or metasubjective operators. Silent/hidden operators compose the hardware of cognitive 
functioning. They interact, independently of the content, with schemes, increasing or decreasing 
(inhibiting) their level of activation; hence, they indirectly influence mental processing, schemes, and 
therefore performance. These second level operators are information processing mechanisms that act 
on the first level operators (i.e., schemes). In contrast to the subjective operators, those of the second 
level constitute a small number of general resources common to all people. While there are 
quantitative differences among people in the strength or efficiency of the metasubjective operators, 
there are no qualitative differences in the repertoire. Metasubjective operators increase or decrease the 
activation levels of schemes, and they enable the formation of new schemes. However, if a scheme’s 
activation level depended entirely on perceptual input and on activation or inhibition received from 
other schemes, then in each moment we would be prisoners of our current repertoire of schemes, of the 
salience of the stimuli, and of the propagation of activation among the schemes most closely 
connected to one another. In order to go beyond the information given and the current scheme 
repertoire, it is necessary to posit the existence of other mechanisms, that are independent of schemes 
that enable processing and integration of information,. One of these mechanisms is called M operator.  
 
Mental Attention is not unitary, but consists of the following mechanisms: 
                                                 
16 “Misleading situation are those in which different silent operators activate incompatible sets of schemes, one of which is often more highly 
activated while leading to an incorrect solution” (de Ribaupierre, 2000). 
17 Indeed the concept of activation not implies that all schemes that have been activated from the total repertoire concur in the performance.  





The M operator, mental energy, or activation operator permits one to activate pertinent schemes to 
solve a problem. It activates task relevant schemes not directly activated by the input, or, by others 
operators. Under the control of executive schemes, it insures the transformation and coordination of 
information.  
The I operator (for Interrupt)18 carries out functions complementary to that of the M operator. It is a 
central attentional mechanism that inhibits (deactivates) irrelevant or less relevant schemes in a top-
down way to ensure that schemes boosted by M become dominant. It can be conceived as a sort of 
selective attention, that interrupts irrelevant schemes.  
The E operator (for Executive), is an executive scheme which consists of a set of action plans and 
regulatory controls that direct the mental processes to change the state of attentional resources 
according to the executive plan.  
The F operator permits a representation to become more adaptive, coherent, and less complex. In 
addition it explains perceptual effects.  
The L (for Logic) and C (for Content) operators define learning and they can explain the 
differentiation of schemes with experience. A set of schemes that are often co-activated, when they are 
automatized, through “cumulative learning rich in contextual detail”, becomes a LC-structure and can 
be used without mental effort. Hence they are a repertoire of knowledge acquired through experience. 
According to this functional architecture, attentional capacity depends on the M and I operator, and 
executive schemes. The schemes further activated by M and I constitute the field of mental attention, 
that grows with age.  
The M-capacity and the I-capacity are, indeed, considered to be two resources with a certain “power”, 
that develop with maturation (Pascual-Leone, 1987). In particular, this model makes specific 
predictions about the growth in M-capacity. M-power corresponds to the maximum number of units 
that can be activated in a single operation. Indeed, the M-capacity of a person is a very limited 
resource and it increases up to adolescence: it grows (M-power19 = e +k) from 1 at age of 3-4 (M-
power = e +1) to 7 at age of 15-16 (M-power = e +7)20. The growth of the M capacity with 
development is continuous and permits the integration of more schemes in facilitating solving tasks.  
Even though M-capacity is related to the working memory construct, as other additional sources of 
activation exist, the size of working memory is considered to be greater than that of M-capacity 
(Pascual-Leone, 2000).  
Importantly, the I and M operators are co-functional, as they are both under the control of executive 
schemes located in the frontal and pre-frontal lobes; they both develop during childhood and decline in 
advanced age; and are affected by individual differences (i.e., inhibitory processes are less efficient in 
                                                 
18 The I operator will be discussed in Chapter 3. 
19 e = M (operator) quantity available for executive schemes to maintain hyperactivation of the task’s general executive; k= M quantity to 
activate action schemes.  
20 M-power develops from 3-to-16 year-olds. M-stages have been empirically determined to last two years (see Pascal-Leone, 1970, 1987).  





field dependent individuals). Because the I and M operators act in synergy, their development may be 
intertwined in some way (e.g. Pascual-Leone, 2000).  
The sequential development of M power and, more generally, all the assumptions presented have been 
validated in several studies (see de Ribaupierre, 1983). Moreover all the tasks measuring the M 
capacity showed significant correlation with different cognitive tasks.  
 
2.1.2. Case’s Model 
Case (1985) used the term executive processing space to refer to working memory. The executive 
processing space, or total processing space, is further divided into operating space and short-term 
storage space. The total processing space corresponds to the operating space and the short-term storage 
space21: while the operating space defines the number of schemes that can be simultaneously activated 
during execution of a the task, the short-term storage space insures the maintenance of these schemas, 
and the retrieval of the previous recently activated schemas. The total processing space is, thus, a pool 
of general resources that process and store information. 
This model postulates a trade-off between the processing and retention functions: the more efficient 
processing is, the more retention space will be left available (Case, 1985). As a consequence, when 
less space is taken by operations, more space is left for storage. In terms of development, the 
operational space is supposed to decrease as some operations become more efficient with practice and 
experience; while the short-term storage increases as a result of, for example, an increase in efficiency 
in controlling structures or, possibly, of maturation of the nervous system. The increase in the short-
term storage space, that is reached within the total processing space, permits the transition from one 
sub-stage to the next, at the rate of one unit every two years. Thus, memory capacity with age does not 
increase per se, rather efficiency in cognitive control processing increases, allowing more resources to 
be allocated to storage.  
Case, Kurland, & Goldberg (1982) carried out a series of experiments to show the relationship 
between the increase of attentional capacity, i.e. working memory, and efficient processing (which 
corresponds to the speed of processing). The “working memory span” was measured with a task to 
assess the mental space. This was done with the Card Counting task, that is more difficult to perform 
than a simple word or digit recall task, as item “transformation” is required before recall.  
The authors presented a working memory span the Card Counting span test22 in which participants 
were asked to count the number of dots on a card and to remember the result for subsequent recall 
(storage), to a sample of children aged from 6 to-12 years. They observed a significant linear 
correlation between the counting rate and the counting span: indeed the higher span of older children 
could be predicted from their faster counting; moreover the pattern of correlations observed –between 
counting speed and the span- remained significant even when age was partialled out. In another 
                                                 
21 Total processing space = operating space + short term storage space  
22 This task can be considered the “precursor” of the Reading Span test 





experiment to support their hypothesis, young adults were matched in terms of counting speed23 to 6-
year-old children. Their results showed that adults and children had the same counting time- memory 
span relationship: the adult counting span was on the same regression line as children’s. They 
concluded that the increase of working memory span with age is due to the increase of processing 
efficiency. Hence, in children functional working memory increases in response to practice 
proportionally to the speed of their processing.  
This model has been strongly criticized (see Halford, 1993) and a series of empirical findings, using a 
modified version of the card-counting span, did not confirm Case’s trade-off hypothesis (see: Towse & 
Hitch, 1995; Halford, 1993). On the whole, critics of Case’s model questioned the importance of 
processing efficiency as the only constraint on the development of working memory. For example, 
Towse and colleagues (Towse & Hitch, 1995; Towse, Hitch, & Hutton, 2000) highlighted the role of 
storage-related factors central issue to complex span development in children. Without denying the 
influence of processing speed on age-related changes, they argue that the increase in children’s span is 
due to the time period during which memory items may be forgotten, because in working memory 
tasks one must alternate between the processing and the storage phase (but see, Barrouillet, Bernardin, 
& Camos, 2004; Barrouillet & Camos, 2001). Moreover, difficult processing tasks may be associated 
with reduced memory, not because of the large processing demand per se, but rather because of the 
larger additional completion time need for difficult tasks.   
It is the so-called task-switching model that suggests that processing difficulty affects memory 
functions because difficulty is usually relevant to task completion time, which affects the amount of 
forgetting that occurs within the system. Towse and Hitch (1995) modified the card-counting span, 
manipulating task difficulty while holding processing time constant, and showed that the critical factor 
for explaining the development of span in children was not processing efficiency but the amount time 
information has to be stored in memory. They observed, for example, that complex span performance 
was affected by the increase of the storage interval, whereas they found comparable counting spans for 
tasks matched in duration, but differing in cognitive demand. According to Towse and Hitch (1995) 
children switch between the processing elements of tasks and the retention of items. Hence, working 
memory span is constrained by a time-based loss of activation of memory items (Hitch, Towse, & 
Hutton, 2001; Conlin, Gathercole, Adams, 2005). 
Because of criticism of his earlier processing-storage trade-off hypothesis, Case (1985) re-evaluated 
the role of maturation (in interaction with practice) in the development of working memory span. 
According to de Ribaupierre and Bailleux (1994), Pascual-Leone and Case’s models cannot be easily 
distinguished. For both models, working memory, or attentional capacity, plays a crucial role in 
determining the upper limits at which children at a given age can function. Indeed the M-capacity of 
Pascual-Leone is similar, for example, to Case’s executive processing space. At the same time both 
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models have similar conceptions of the growth of working memory, at the level of dimensional stage. 
However these models are different on several points. While for Pascual-Leone M-capacity is 
subjected to a maturational growth from childhood to adolescence, according to Case the expansion of 
short-term storage space at each stage is due to the trade-off between storage and processing24. 
Although there are other differences (see de Ribaupierre & Bailleux, 1994), the major point of 
contention concerns the unitary vs non-unitary pool of “resources”: Case hypothesized a general pool 
of resources (a single source of activation), while for Pascual-Leone’s model several sources of 
activation characterize working memory. Two metaphors can in our opinion help us to describe and 
understand each of these models: the energetic metaphor (Pascual-Leone) and the spatial-temporal 
metaphor 25 (Case) (see Barrouillet, 1996).  
Nevertheless, both models contribute to a developmental vision of cognitive development, as the 
growth in attentional capacity is a causal factor of development. It therefore can be said that reading 
comprehension skills may develop in children, due to attention capacity.  
 
III.3. ENGLE’S MODEL 
“…working memory capacity is not directly 
about memory, it is about using attention…” 
Engle (2002). 
The working memory model proposed by Engle is based on research into individual differences. 
Although Engle vision of working memory is not developmental, his functional view of working 
memory makes this model relevant to this study.  
Engle, Kane, and their colleagues define working memory capacity as an individual’s ability to control 
attention (Engle, et al., 1999; Kane & Engle, 2002). Indeed, they argue that working memory is a 
system consisting of: a) a store in the form of long-term memory traces that are activated above 
threshold; b) processes for achieving and maintaining that activation; c) controlled attention, which 
they consider to be a content free resource (Engle, Kane, & Tuholski, 1999). Individual differences are 
conceived to be differences in individual capability to control attention, which others have called 
“central executive” (Baddeley & Hitch, 1974), or “supervisory attentional system” (Norman & 
Shallice, 1986). The capacity for controlled attention is crucial when interference is present (Kane & 
Engle, 2002; Engle & Kane, 2004). Indeed, working memory capacity is crucial in maintaining both a 
single representation, for example representation of a goal, and a quantity of representations in an 
active and quickly retrievable state.  
The assumption that working memory is a single unitary resource, which is not specialized, resulted 
from studies (Turner & Engle, 1989; 1986) in which working memory tasks dealing with both 
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stage to the next is only qualitative (Case, 1987).  
25 Daneman & Carpenter (1980) and Baddeley (1990) can be included in the spatial-temporal metaphor.  





material26, verbal and numerical content, showed significant and similar correlations with 
comprehension measures (performance was not better for tasks involving verbal material than for 
numerical tasks). Thus, working memory can be considered to be a general-purpose capacity that is 
content free.  
The interpretation of individual differences is similar to that of Pascual-Leone, in so far as they are 
said to depend on activation (M capacity). Moreover, according to the authors, the superiority of 
working memory tasks, over short terms tasks, in predicting complex cognition (reading 
comprehension) is due to the use of strategies (such as auto-rehearsal).  
A series of experiments was developed to support the general capacity interpretation of working 
memory and the hypothesis that individual differences can be ascribed to the amount of activation 
available for retrieving information from long-term memory (general capacity), and not to the 
processing efficacy. The authors examined the time spent on processing in the Operation-Word span 
and Sentence-Word Span tasks, without and with storage requirement. It was observed that when the 
time to process information (measured with a moving-window procedure) remained constant, the 
storage component was the best predictor of reading comprehension (Engle, Cantor, & Carullo, 1992). 
In addition, their results indicate that participants who spend more time studying the words to-be-
remembered words for the operation and sentence span tests had higher span scores. 
But what does the working memory capacity represent?  
Engle et al. (1992) and Cantor and Engle (1993) proposed that working memory capacity consists of 
knowledge units in the long-term memory that are activated above a critical threshold27, independent 
of the nature of the task. The amount of activation required to activate relevant concepts determines 
how they are processed. In addition, since the quantity of activation within the system is limited, this 
limits the number of representations simultaneously available in working memory (see Pascual-
Leone’s model). This theoretical proposition is supported by results obtained with low and high span 
individuals using the fan effect paradigm (Cantor & Engle, 1993), as we will see hereafter.  
Conway and Engle (1994) demonstrated that under conditions involving interference, such as found in 
the fan effect, differences between individuals with high and low span do emerge. However, these 
authors found no differences in activation limits, as the rate of search in active memory was similar for 
both types of individuals in the non-competing situation. The authors proposed that not only the 
amount of resource activation, but also the use of attention to avoid, prevent or inhibit distraction from 
the goals of the current tasks, is an important source of individual differences. This proposition was 
supported in different studies by using a proactive interference paradigm (Kane & Engle, 2000; Rosen, 
& Engle, 1998), and a selective attention paradigm like Negative Priming (Conway, Tuholski, Shisler, 
& Engle, 1999), the Stroop Color Task (Kane & Engle 2003), and the Antisaccade task (Kane et al., 
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27 See also the ACT model of Anderson (1983), according to which working memory is defined as the “propagation of source of activation 
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2001). High span individuals succeeded in: resisting interference from competing responses (proactive 
interference); suppressing irrelevant information, and maintaining the task goal (Stroop Color task), as 
well as inhibiting automatic processes (Antisaccade test) more efficiently than low span individuals.  
Overall these results indicate that individual differences in working memory are related to the active 
maintenance of goals, preventing automatic routines (reading) from taking place, and on whether or 
not the context reinforces the goal maintenance. 
Controlled attention is also needed in the presence of distraction, as working memory capacity 
depends on the ability to control attention and to use it when distractors occur. Even without external 
distraction, endogenous fluctuations in the cognitive system may require continuous control to keep 
the task goal highly activated. 
Hence, as for example Pascual-Leone proposed, working memory reflects both activation and 
inhibitory functions/operators.  
So, according to Engle, et al. (1999), individual differences are observed in situations that involve 
executive attention such as when: a) tasks goals may be lost unless they are actively maintained in 
working memory, b) action competing for responding or response preparation must be scheduled, c) 
when conflict among actions must be resolved to prevent errors, d) the maintenance of some task 
information is beneficial in the face of distraction and interference, e) it is beneficial to suppress task-
irrelevant information, f) a controlled, planned memory search of memory is necessary or useful, and 
g) error monitoring and correction are controlled and effortful.  
 
Thus, working memory can be considered to be a powerful predictor of reading comprehension 
because it implies controlled attention and cognitive control. It is likely that the reader must maintain 
the task goal (to comprehend a text), and information in an easily retrievable state (text units), while at 
the same time switching between two tasks (reading and integrating what was already read), resisting 
distractors or being diverted from relevant text representation, as well as clearing surface information 
that is no longer relevant.  
 
The working memory models that have been described can be summarized as follows: Baddeley’s 
model represents an experimental approach, based mostly on adults, as he did not formulate precise 
developmental predictions; the Neo-Piagetians models are based on a developmental perspective, 
while Engle’s view of working memory primarily focuses on individual differences. In other words, 
we move from the Baddeley’s hierarchical architecture of working memory, to the “macroscopic”(de 
Ribaupierre and Bailleux, 1994) domain-free view of working memory that essentially consist in 









2.IV. TOWARDS UNIFIED THEORIES OF WORKING MEMORY 
MODELS 
There are many different models of working memory, and as we have seen from the four models we 
described, some differences in the definition of working memory have also emerged. 
Yet certain characteristics are common to all the models:  
• working memory is regulated and controlled by attention. For Baddeley the regulation and 
control of working memory relies on the central executive, while for Pascual-Leone it relies on the 
mechanisms of mental attention. For Case it relies on the executive processing space; for Engle on 
executive attention. 
• working memory has a limited capacity. Indeed, Baddeley attributes this to the speed of 
rehearsal and the amount of resources available to the central executive. For Neo-Piagetians, limits in 
working memory impose an upper limit on cognitive performance, which varies with age. In Engle’s 
model, limitations are due to the executive attention that is available for tasks goal, which involves: 
maintenance, shifting, inhibition of irrelevant information, knowledge, and specific skills.  
 
Miyake and Shah (1999) synthesized the different working memory perspectives, with the following 
six points that reflect the general consensus of “what working memory is”: 
1) working memory capacity is limited in nature and its limitations are due to different factors 
such as trace decay (Baddeley & Logie, 1999), susceptibility to interference (Hasher & Zacks, 1988; 
Engle et al., 1999) and processing speed (Salthouse & Meinz, 1995); 
2) the management of attentional resources is a distinctive feature of how working memory 
functions and it could be considered to be the point of conjunction between working memory and 
complex cognitive processes, such as reading comprehension (Daneman & Merikle, 1996; De Beni, et 
al., 1998), problem solving (Passolunghi, Cornoldi & De Liberto, 1999; Passolunghi & Siegel, 2001), 
note-taking (Kiewra & Benton, 1988) and fluid intelligence abilities (Engle et al., 1999; Kane, 
Hambrick, Tuholski, Wilhelm, Payne & Engle, 2004). Working memory is, in any case, not 
“memorizing per se” (Miyake & Shah, 1999); 
3) long-term knowledge plays an important role in working memory performance. However, the 
role of long-term knowledge in working memory tasks is not clear yet. For example, the involvement 
of long-term working memory in the construction of a global representation of the text is not well 
defined. 
4) working memory should not be seen as a specific entity that is structurally distinct from the 
cognitive system, a sort of box in which a limited quantity of information can be stored (short-term 
storage). As Miyake and Shah affirm, to search for a place in the mind where working memory is 
located is like searching for the “Holy Grail”. For this reason, some researchers prefer the term 
“working with the memory” (Moscovitch, 1994) or refer to working memory tasks (e.g., de 





Ribaupierre, 2001).  
5) the control and the regulation of cognitive action, involves: switching attention (Rogers & 
Monsell, 1995); monitoring and updating of the content of working memory (e.g., Carretti, Cornoldi, 
De Beni & Romanò, 2005); planning, keeping the objectives in mind, coordinating intended actions 
(Ward & Allport, 1997); and active inhibition. 
6) working memory is not completely unitary, indeed domain-specific factors (similarity-based 
interference; domain-specific long-term knowledge, skills, and strategies; …) can constrain working 
memory performance. Actually, this view contrasts with Engle’s unitary view, although Engle 
acknowledges that domain-specific buffers may exist.  
 
2.V. WORKING MEMORY TASKS 
The operational definition of working memory is the number of items that can be recalled during a 
complex task. Complex working memory tasks require both the maintenance of information in an 
active state for successive recall, and the manipulation of this -or any other- information for a current 
computation (Feldman Barrett, Tugage, & Engle, 2004). Contrary to the memory span test, which 
requires passive maintenance of information, in the complex memory span test, a secondary 
processing task is also presented. Many different complex working memory measures, using various 
processing and storage requirements, have been developed in different domains: verbal (Reading Span 
test; Daneman & Carpenter, 1980; de Ribaupierre Lecerf, Leutwyler, & Poget, 1997), visuo-spatial 
(Matrices tasks; e.g., de Ribaupierre & Lecerf, in press), arithmetic (Counting span test, Case, 
Kurland, & Goldberg, 1982). They all require that the participants recall some sort of information 
(words, visuo-spatial information, digits) after having completed a task that involves some attention-
demanding processing (reading sentences, counting squares for the visuo-spatial task, doing simple 
arithmetic problems). Hence, while the individual must maintain a memory representation, a 
concurrent processing, distracting, attentional shift takes place (de Ribaupierre, 2000; Engle, et al., 
1999). These complex span tasks have been shown to be better predictors of complex cognitive 
abilities than performance on short term memory tasks that measure storage capacity only (see Bayliss, 
Jarrold, Baddeley, Gunn, & Leigh, 2005). Indeed, different studies have documented a lack of 
correlation between simple span tests and performance in complex cognitive tasks. Performance on 
working memory tasks correlates with: higher-order cognitive tasks, such as reading or listening 
comprehension (Daneman & Carpenter, 1980), language comprehension (King & Just, 1991), 
following directions (Engle, Carullo & Collins, 1991), complex task learning (Kyllonen & Stephens, 
1990); and lower level attention and perception tasks –see high and low span rate of errors on the 
Stroop task (Kane & Engle, 2003)28. More specifically, Turner and Engle (1989), for example, 
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observed that working memory, but not short-term memory, accounted for performance in 
comprehension task. It has been observed that a restricted word span (2-3 items) does not correlate 
with sentence comprehension impairment in aphasic patients (Martin, 2000). 
Using structural equation modeling, Engle et al. (1999) demonstrated more elegantly the role of 
working memory in higher order cognition. Working memory, short-term memory, and fluid 
intelligence tasks were presented to students. The model that best fitted the data resulted in two 
distinct constructs, defined by working memory and short-term memory, which were correlated29. In 
addition, when the variance between working memory and short-term memory was removed, working 
memory correlated with the fluid intelligence latent variable30, but not short-term memory. The 
controlled attention of working memory distinguishes it from short-term memory31; whereas short-
term memory capacity reflects domain-specific knowledge, working memory is supposed to be 
domain-general. 
The differentiation between short-term memory and working memory has also been confirmed by 
behavioral studies that adopt a lifespan approach (Park et al., 2002), and by neuro-imaging (e.g., 
Owen, 1997), and developmental studies (Kail & Hall, 2001). More globally, the predictive power of 
working memory for cognitive performance, for example, confirms that the “architecture” of working 
memory is different from that of short-term memory (e.g., Kyllonen, & Christal, 1990; Engle et al. 
1999; La Pointe, & Engle, 1990).  
 
Several studies have shown that, independently of the age group considered and the task domain, 
measures of working memory tasks are similar (e.g., verbal, visuo-spatial). For example, significant 
correlations have been reported between the following measures of working memory: the Reading 
Span Test, the Computation Span Test and the Operation Span Test in young adults (e.g., Engle, et al., 
1999); the Reading Span Test and Visuo-Spatial Matrices task in young adults, children and older 
adults (e.g., de Ribaupierre & Lecerf, in press; de Ribaupierre et al., 1997); the Listening and Counting 
span tests (e.g., Siegel & Ryan, 1988; Leather & Henry, 1994), the Listening span and Visual Matrix 
span tests (e.g., Swanson & Berninger, 1995), and verbal and spatial tests used to measure M capacity 
in children (e.g., Morra & Scopesi, 1997; Morra, 1994; de Ribaupierre & Bailleux, 2000). 
These results contrast, however, with the resource-sharing approach, according to which a degree of 
expertise in a domain allows more attention for storage components, resulting in a higher working 
memory span score (Daneman & Carpenter, 1980; Just & Carpenter, 1992). This means that the 
amount of attention available for the storage component in a person who is an expert in the verbal 
                                                 
29 As short-term memory is a subset of working memory [working memory = short-term-memory + attention], performance on short-term 
tasks should be correlated to performance on working memory. 
30 More recently, a meta-analysis run by Ackerman, Beier and Boyle (2005) showed that working memory and fluid intelligence are not 
isomorphic constructs, contrary to the hypothesis advanced by Kane and Engle (2002). In addition, Ackerman et al. (2005) did not confirmed 
the complete a-modal nature of the relationship between working memory and fluid intelligence, finding that the correlations between 
overlapping content of working memory and fluid intelligence tasks were higher than for non-overlapping tasks.  
31 Traces in the short-term memory, according to Engle, are based on phonological, visual, spatial rehearsal, and, more globally, grouping 
strategies. They are, hence, sensitive to interference and decay. Only those traces that receive further activation enter in the focus of attention 
of working memory. 





domain (sentence comprehension) would allow him/her to better remember the words in the Reading 
Span test, but would not increase the individual’s performance on an Operational span test, which 
requires doing arithmetic operations.  
According to Daneman and Carpenter (1980; 1983), good readers, for example, process sentences 
more efficiently and have more storage capacity available for recalling target words, than poor ones. In 
short, people have a larger reading span because they are good readers. Thus, the level of skill in the 
processing task, and the trade-off between processing and storage functions are key issue in working 
memory. This model is similar to that of Case’s one. However, in Case’s model processing efficacy is 
a general factor (processing speed), while in Daneman and Carpenter’s it is specific to the task at hand 
(Daneman & Green, 1986; Daneman & Tardif, 1987). 
Resource-sharing theory has been criticized. Indeed, it has been shown that working memory span task 
that requires mathematical processing can predict language comprehension (La Pointe & Engle, 1990): 
Furthermore, when processing skills were controlled for, correlations between working memory span 
and comprehension were still consistent (Engle, et al., 1992).  
Similarly to the resource-sharing framework, the domain-specific view proposes separate working 
memory systems (verbal and spatial) (Jurden, 1995). These permit an individual, who, for example 
favor the verbal domain, to have more attentional resources for storage components in a verbal task, 
but less for a visuo spatial task. Hence, working memory span would be higher when a storage test is 
embedded in a secondary verbal processing task, than in a spatial task. Even though complex span 
tasks can be influenced by domain-specific processing competencies (domain specific short term 
buffer), there is evidence that people performing well on a verbal working memory task, will also 
perform well on a visuo-spatial task. This suggests that there is, indeed, consistency across different 
span tasks requiring different mental operations (Miyake, Friedman, Rettinger, Shah, & Hegarty, 
2001; Engle, 2002; Kane, et al., 2004). 
 
2.VI. ATTENTIONAL CONTROL ACROSS THE LIFESPAN 
Complex span tests reveal both individual and age-related differences that are not necessarily obvious 
with the traditional simple span tasks. Indeed, clear aging effects are found when comparing young 
and older adults, and individual differences in school children, young adults, and older adults are 
captured using complex span tasks.  
A large number of studies have shown reduced working memory capacity in older adults (e.g., 
Wingfield, Stine, Lahr, & Aberdeeen, 1988; Tun, 1989; Pratt & Robins, 1991; Stine & Wingfield, 
1987, 1990; de Ribaupierre, et al., 1997; de Ribaupierre & Lecerf, in press; de Ribaupierre, 2001; De 
Beni et al., in press; De Beni & Palladino, 2004; Gick, Craik, & Morris, 1988; Li, 1999; Light & 
Anderson, 1985; Schelstraete & Hupet, 2002; Waters & Caplan, 2001, 2003; Wingfield et al., 1988; 





McGinnis & Zelinski, 2003). Moreover, the correlations between age and working memory tasks, such 
as the reading or listening span test (or similar tasks) are quite consistent, ranging from .30 to .7032. 
This pattern of results suggests that aging is associated with a decrease in the working memory 
capacity. A recent meta-analysis by Johnson (2003) confirms this, showing that “the absolute 
magnitudes of these age differences (referring to reading and listening span test) are appreciable”. The 
same pattern is found when comparing young and older adults, using non-verbal tasks such as the N-
back task (e.g., Verhaeghen & Basak, 2005), the alphabet task (e.g., Waters & Caplan, 2005), and / or 
visuo-spatial material (e.g., Vecchi, Richardson & Cavallini, 2005; Morra, Vogliocco, & Penello, 
2001).  
Although the age differences reported between young and older adults in using complex span tasks are 
clearly independent of the type of material used (verbal, visuo-spatial, etc…), some experimental 
results contradict these findings, reporting similar performance between young and older adults on 
working memory tasks (e.g., Hartley, 1986; Brebion, 2003). 
 
VI.1.1. THE LOCUS OF AGE DIFFERENCES IN OLDER ADULTS IN COMPLEX SPAN 
Because working memory is a complex concept that includes storage, processing and coordination, 
researches have tried to identify which aspects of working memory are more affected by age. Indeed, 
the aging process that influences working memory is still under investigation. 
Some researchers designate the storage component as responsible for age differences in working 
memory. Other researchers attributed age differences in working memory to a reduction in processing 
capability (Craik, 1977; Baddeley, 1986). In addition, some studies have shown that age differences in 
working memory are due to deficits in coordinating information (e.g. Babcock & Salthouse, 1990). 
Some empirical evidence in literature supports the contention that age differences are due to a decline 
in the passive store (e.g., Jenkins, Myerson, Joerding, & Hale, 2000). Some studies report that age 
differences in complex span are reduced when participants are matched on digit span (e.g., Puckett & 
Lawson, 1989). However, the decline in performance in older adults on short-term memory tasks (in 
the passive storage capacity) is scarcely relevant, compared to the more pronounced age-related 
decline of performance in complex tasks (Babcock & Salthouse, 1990; Craik & Jennings, 1992). 
Indeed, it has been observed that short-term memory measures are more resistant to effects of ageing. 
A meta-analysis by Verhaeghen, Marcoen, and Groessens (1993) showed that, for example, the effect 
size associated with short-term span was smaller than that of complex span (see also Verhaeghen & 
Salthouse, 1997).  
According to the processing resource reduction hypothesis (Craik & Byrd, 1982), the pool of general 
resources available to execute effortful operations is reduced in older adults. Indeed, the age-related 
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2000); -.34 (Van der Linden et al., 1999); -.29 (Pratt & Robins); -.72 and -.61 (Salthouse & Babcock, 1991); -.42 and -.32 (Salthouse, 1992); 
-.66 and -.69 (Stine, Wingfield, & Meyers, 1990). 





decline in memory can be attributed to the decrease in “mental energy”, which limits the ability of 
older adults to engage in self-initiated processing. Aging is, therefore, associated with a decrease in the 
quantity of cognitive resources available to process mental operations. It is subsequently characterized 
by a reduction in the activation that allows individuals to process and maintain information, or in 
resource allocation (Salthouse, 1991; Craik & Byrd, 1982; Park, et al., 1996). Age-related differences 
are prevalent if the task requirements strongly solicit the process or storage level: the larger the 
demand for processing, the more older adults will be impaired33, by their reduced availability of 
resources (Craik, Byrd, & Swanson, 1987; Craik & Rabinowitz, 1984). These processing resources 
can also be seen as the working memory capacity, which can be measured by complex span tasks that 
assess the processing aspects of cognition –i.e. fluid intelligence. Empirical results have shown that the 
reduction in the processing resources is one of the sources of impairment in older adults for all the 
tasks that place important demands on the aspects of processing or storage demands on working 
memory (e.g., Gick, et al., 1988; Morris, Gick, & Craik, 1988; Salthouse et al., 1982; Cohen, 1981; 
Dobbs & Rules, 1989). Indeed, Craik and collaborators manipulated both the processing functions, by 
varying the grammatical complexity of sentences (negative or positive, Gick et al., 1988; and active/ 
passive vs negative and positive, Morris et al., 1988) in modified version of the Reading span Test, 
and the storage function varying the memory load (number of sentences presented). They observed the 
following results: older adults were more impaired in judging sentences when the complex sentences 
were presented (negative vs positives sentences), committed more errors, recalled less correct words34 
(Gick, et al., 1988); and showed longer verification times -response latencies- than younger adults 
when there was an increase of sentence complexity (Morris et al., 1988). Moreover, in both these 
studies (Morris et al., 1988; Gick et al., 1988) the interaction Age X Memory load was not significant, 
which supports the hypothesis that it is process capacity that declines with age, and not storage 
capacity35.  
This hypothesis is often tested by comparing the performance of young and older adults on simple and 
complex tasks, or dual task paradigms. Nevertheless, dual tasks have yielded contrasting results: 
although some authors have found a specific decline in performance with (Baddeley, Logie, Bressi, 
Della Salla, & Spinnler, 1986; McDowd & Shaw, 2000), others have not (see, de Ribaupierre & 
Ludwig, 2003, 2000).  
 
From this brief overview of the literature we can conclude that no consensus has been reached about 
the locus of age-related differences in working memory and, in particular, the effect of age on the 
storage capacity.  
However, the model proposed by Vecchi and Cornoldi (1999; Cornoldi & Vecchi, 2003) may 
represent a more consensual view about the locus of age differences. Vecchi and Cornoldi consider 
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34 The interaction Age X Complexity resulted only in the word recalling. 
35 Nevertheless, lower performances were observed in older adults in a Word recall tasks, for which no active processing was required. 





working memory to be a continuum distinguishing between passive tasks (requiring storage), and 
active tasks (primarily based on the processing demand and on the active manipulation of 
information). 
The locus of age differences in working memory has also been investigated using neuro-imaging 
techniques. Several neuroimaging studies focused on the search for the neural substrates of encoding 
and recall of information. In young and older adults, a typical working memory task results in the 
activation of ventral and dorsal prefrontal, anterior cingulate, and posterior parietal cortices, as well as 
neostriatum in young and older adults. Age-related deficits in working memory seem to be due to the 
deterioration of the integrity of the prefrontal cortex and circuits in older adults (for example, the 
impaired interaction between the dopaminergic and noradrenergic systems). Indeed according to the 
“Prefrontal Cortex Function Theory” the prefrontal cortex is the area of the brain that is the most 
sensitive to aging (e.g., West, 1996). The prefrontal cortex seems to be the first area to degenerate and 
the last to develop (Dempster, 1991). 
 
Other alternative hypotheses regarding the processes responsible for change in working memory have 
emphasized the importance of processing speed (the general slowing hypothesis), and inhibition. 
These two processes, considered to be components of selective attention (see de Ribaupierre, 2000), 
will be discussed in the following chapter.  
 
VI.2. WORKING MEMORY ACROSS THE LIFESPAN 
Of particular interest for the present work are studies that examined the development of working 
memory across the lifespan.  
Park et al. (2002) examined the development of visuo-spatial and verbal working memory in a sample 
of 345 adults aged from 20 to 95 years. They observed a gradual linear age-related decline in memory 
processes that occurs “in a continuous fashion across the life span for processing intense tasks that 
include …working memory”, regardless of the modality (visuo-spatial vs verbal) 36. In addition, 
measures of working memory were so highly correlated that they could not be considered to be 
distinct constructs37. This result also supports Engle’s model of working memory as domain-free 
content in a life span perspective.  
Moreover, in this study Park and colleagues also showed that the rate of decline in processing speed, 
working memory and long-term verbal memory was the same. Structural equation models were 
developed for young and older adults, and the best-fit model for both age groups indicated that 
cognitive structures (working memory, processing speed, long-term) are similarly organized across the 
life span. In addition speed mediates age-related variance in working memory.  
                                                 
36 The same pattern of result has been obtained in a lifespan study from 18- to 80 year-olds (Borella, Carretti & De Beni, 2005). 
37 This lead Hedden, Lautenshlager & Park (2005) to include in subsequent work a single construct of working memory.  





Siegel (1994) conducted a lifespan study to examine the development of working memory and reading 
comprehension38 in a large sample of participants aged from 6- to 49 years. She observed an increase 
in working memory up to age of 20, followed by a decline. These findings are also consistent with the 
study conducted by Chiappe, Hasher and Siegel (2000), who observed an increase in working memory 
performance through childhood and adolescence, and its gradual decline after age 20. The results 
obtained by Waters and Caplan (2001)39 using the reading span task with a sample ranging from 18 to 
90 years old also showed significant age differences in working memory span between the young (18-
30-year-olds) and the older groups (60-, 70-, 80+ year-olds), however no difference was found 
between the older groups. In addition, an increase in the response times for correct responses on the 
acceptability of sentence judgment were observed for participants older than 80 year of age.   
A meta-analysis (Jenkins, Myerson, Hale & Fry, 1999), that combined data from different studies 
administering nearly the same working memory tasks to children (from 8-to 12-year-olds), young 
adults (18- to 22-year-olds) and older adults (65- to 75-year-olds), showed that working memory 
capacity increases in children with age, but decreases with age in older adults. Contrary to Park et al. 
(2002), the meta-analysis by Jenkins et al. (1999) indicated a larger decrease with age for visuo-spatial 
information than for verbal information (but see Reuter-Lorenz, 2000).  
Two different studies by Morra in which the development of M capacity was examined in elementary 
children (Morra, 1994), and in older adults (Morra et al. 2001), by administering nearly the same 
tasks40 are of particular interest, even if they do not adopt a lifespan perspective. Based on both 
studies, he compared the growth of M capacity in children and its decline with age. Results indicated 
that the “capacity of an average of 60- or 75-year-old, is comparable to that of an average 10- or 8-
year-old” (Morra, 2001). In a life span study on working memory de Ribaupierre et al. (1997) also 
observed that young-old adults (60-70 year-old) were equivalent to 12 year-old children, whereas old-












                                                 
38 Results on reading comprehension will be described in the following sections.  
39 In this research they focused on on-line and off-line sentence processing efficiency.  
40 The Forward Digit Span, the Backward Digit Span, the Counting span, and Mr Cucumber test. 





2.VII. WORKING MEMORY AND READING COMPREHENSION 
“…differentialists may attempt to evaluate 
the working memory capacity of individuals, 
usually with predictive, often applied aims” 
(de Ribaupierre, 1995). 
 
Inter-individual and/ or inter-group differences in how working memory functions have been 
highlighted in neuropsychological studies with patients (Baddeley, 1986; Della Sala, Logi, Marchetti, 
& Wynn, 1991), or with special groups of children (e.g., Hulme & Mackenzie, 1992; Lanfranchi, 
Cornoldi & Vianello, 2004). Without going into detail the results of these studies showed that 
“different subjects may function differently in working memory tasks” (de Ribaupierre, 1995).  
 
Now, the question is whether individual differences in working memory can predict individual 
differences in reading comprehension. 
 
Working memory involves both the short-term memory component and an executive component that 
controls attention, blocks interference, and maintains information for analysis (Cowan, 1995, 1988; 
Engle, et al., 1999). It imposes limits on how many digits can be retained or reordered, and on how 
many words may be retained while other sentences are read. It also imposes limits on how many 
sentence relationships can be formulated at one time, as each subordinate sentence imposes additional 
attentional requirements due to the limited capacity of working memory. Integration between 
sentences and clauses is necessary for establishing local coherence, and more generally, inferences are 
necessary in order to build a meaning-based representation of the text, and to give coherence to the 
text coherent (Graesser, et al., 1994; van den Broek, 1994). In reading comprehension the information 
contained in the text must, therefore be both processed and maintained in working memory (i.e. the 
information from one sentence must be stored whilst reading the next) (e.g., Fischer & Glanzer, 1986; 
Kintsch & van Dijk, 1978). 
 
“This amount of material assumed to be 
involved in text comprehension is nowhere 
to be fitted into a classical short-term 
memory of seven chunks.”(Kintsch, 1998). 
 
At the beginning of the research on reading comprehension, the short-term memory system was 
thought to account for individual differences in text comprehension. Several studies have, however, 
failed in finding a relation between the passive system of short-term memory and this complex ability 





in children (e.g., Perfetti & Lesgold, 1977; Perfetti & Goldman, 1976; Leather & Henry, 1994; 
Oakhill, Yuill, & Parkin, 1986; Yuill, Oakhill, & Parkin, 1989)41, young adults (e.g., Daneman & 
Carpenter, 1980; 1983; Masson & Miller, 1983), and in older adults (e.g., Craik, 1977). Conversely, 
the relationship between working memory and reading comprehension is well assessed independently 
of the age group considered.  
In 1980 Daneman and Carpenter demonstrated that working memory correlated with complex 
cognition. They observed that performance on complex span tasks correlated with a global reading 
comprehension measure (the verbal Scholastic Aptitude Test) –correlations ranged from .49 to .59- 
and local measures of comprehension (inferential questions) –correlations ranging from .42 to .90. 
Moreover, in a meta-analysis conducted by Daneman and Merikle (1996), on 77 studies reading and 
listening span were found to be good predictors of reading comprehension, the overage correlation was 
around .66. These results clearly clarify the absence of relationship between reading comprehension 
and short term memory (Perfetti & Lesgold, 1977) and support its involvement in complex cognitive 
abilities.  
Cantor, Engle, and Hamilton (1991) argued that, whereas short-term memory is important in 
comprehending literal text information, working memory is crucial in comprehending the gist and 
complexity of reading comprehension. Moreover, as LaPointe and Engle (1990) observed that though 
short-term tasks (word span) are correlated with comprehension, their correlation is smaller than the 
one between the complex span (reading span) and comprehension.  
Studies with high and low span participants have also confirmed the role of working memory in 
reading comprehension. High span readers were shown, for example, to better maintain two possible 
interpretations of a syntactic ambiguity or to use semantic information to process relative clauses than 
low-span readers (Just & Carpenter, 1992).  
Very interestingly, the relationship between working memory and reading comprehension is also 
supported by neuroimaging studies showing that reading comprehension entails a network of frontal, 
temporal and cingulated areas that support working memory processes.  
 
VII.1. CHILDREN 
As we described in the first chapter studies of text comprehension in children mainly use word 
identification problems. However, reading comprehension problems have been observed in children 
with average appropriate word-reading and vocabulary skills (e.g., Oakhill, 1994). There could be a 
tertium quid, an additional cognitive mechanism such as working memory this can explain that pattern 
of results. Research conducted on reading disabled children (e.g., Siegel, 1994; Siegel & Ryan, 1989; 
Siegel & Linder, 1984; Swanson 1992, 1993; Swanson & Alexander, 1997; Swanson & Ashbacker, 
                                                 
41 We have to stress the fact that developmental studies on reading adopt the term working memory, while using short-term memory tasks 
like digit or words span.  





2000), has indeed shown their performance, in working memory tasks to be worse than that of normal 
readers.  
While the storage component of working memory is important when a child is beginning to acquire 
and apply phonological knowledge because lower level skills contribute to explaining reading 
comprehension in young children, the simultaneous storage and processing of information during 
complex working memory tasks is essential in reading comprehension (e.g., Swanson & Saez, 2003; 
Cain, Oakhill, Bryant, 2004, 2000; but see Nation et al., 1999). The relationship between reading 
comprehension and working memory in children is supported by some studies. For example, Engle et 
al. (1991) administered the following tests to children aged 7, 9, and 12 years old respectively: a 
reading comprehension test, the reading span task, and a task consisting in following directions. They 
found strong correlations between reading comprehension and the two complex working memory 
tasks (r = .50). Leather and Henry (1994), observed that the listening span test and the counting span 
correlated with reading comprehension, arithmetic abilities and reading accuracy in 7 year-old 
children. Swanson (1992; 1996) presented an important battery of working memory tests (verbal and 
visuo-spatial), that measured different aptitudes including a reading comprehension task to participants 
aged from 5 to 19-years-old. He observed comparable correlations between measures of aptitudes, 
such as text comprehension, and the working memory measures. Yuill et al. (1989), who examined 
working memory performance and reading comprehension in children, stated that comprehension 
“relies on some general working memory capacity, rather than a specifically language-based system”. 
Other studies have, however, shown that this relationship tends to be stronger in tasks requiring the 
processing and storage of verbal materials than for numerical material (Seigneuric, Ehrlich, Oahkhill, 
and Yuill, 2000; Leather & Henry, 1994). 
 
VII.1.1. INDIVIDUAL DIFFERENCES: SKILLED AND LESS SKILLED READERS. 
Studies on individual differences in skilled and less skilled children readers have yielded little 
evidence supporting the hypothesis that the ability to store information in short-term memory is related 
to comprehension difficulties (e.g., Oakhill, et al., 1986). Oakhill (1981) showed that good and poor 
comprehenders did not differ in performance on the forward and backward digit span, or in the number 
of syllables in the items names they remembered, when these were manipulated (Oakhill et al., 1986). 
In later study, Yuill et al. (1989, experiment 2) manipulated the working memory load of a working 
memory test that used an increasing number of digits (from two to four digit). They only found 
differences between good and poor comprehenders (children aged 7-8 years) in the more difficult 
version of the task42. They attributed these results to an inefficient working memory capacity because 
the poor comprehenders were unable to detect text anomalies or text inconsistencies when these were 
spread throughout the text and not adjacent, due to insufficient storage capacity when performing a 
                                                 
42 This result was replicated with older children aged 9-10 year. 





concurrent task. Hence, they proposed the general processing hypothesis: that the difficulties of poor 
comprehenders are not specific to semantic-processing tasks (Daneman & Carpenter, 1980), but can be 
found in tasks involving numerical and visuo-spatial material. Others studies found group differences 
in older groups of good and poor comprehenders aged from 13- to 15-years (Pazzaglia, De Beni, & 
Cacciò, 1999), and from 14 and 16 (Caccio, De Beni, & Pazzaglia, 1996), in verbal and non-verbal 
working memory tasks (but see Nation, Adams, Bowyer-Crane, & Snowling, 1999). Smith, Macaruso, 
Shankweiler, & Crain (1989) (see also Mann, Shankweiler, & Smith, 1984) observed that the 
difficulties of poor comprehenders were reduced when the comprehension tasks were less demanding 
in terms of the working memory, such as the center-embedded relative clause.  
The results of the lifespan study conducted by Siegel (1994) highlighted that at most age levels, there 
are significant differences in working memory between normal and disabled readers. If information is 
not available in working memory, comprehension can fail when reading a long text; relevant 
information has to be active in the working memory in order to allow the individual to select the 
pertinent information in what he/she just read, as well as to retrieve or reinstate information from long-
term memory. Individuals are poor readers because their general working memory capacity is poor, 
which does not affect reading skills (Turner & Engle, 1989).  
Oakhill et al. (1986) observed that the performance of less skilled comprehenders is poorer on working 
memory tasks than that of skilled comprehenders. In addition, they suggest that the impairment of 
working memory capacity in poor comprehenders may explain why they have difficulties in resolving 
anomalies and generating inferences.  
All these results suggest that working memory plays a role in reading comprehension in children of 
different ages with comprehension difficulties, lending support to the general processing deficit 
hypothesis. 
 
VII.2. OLDER ADULTS 
As working memory becomes limited with age, the probability that recently processed text will be 
forgotten also increases, compromising the construction of text representation (Hultsch & Pentz, 1980); 
therefore, the decline in working memory is considered as a source of age-related decrease in text 
comprehension (Kemper, 1992; van der Linden et al., 1999). As presented in Chapter 1, older adults fail 
to understand complex syntactic structures (e.g., left-branching sentences) that tax working memory 
(Kemper, 1987; Kynette & Kemper, 1986). It has also been shown that on-line sentence comprehension 
comes from findings showing that on-line comprehension is affected by a local increase in processing 
load in participants with low working memory such as low-span adults (e.g., King & Just, 1991) or 
older adults (Zurif, Swinney, Prather, Wingfiled, & Brownell, 1995), which suggest that working 
memory influence on-line sentence comprehension.  





However, others studies have failed to find age-associated working memory limitations on on-line 
syntactic processing, observing that both young and older adults allocated extra reading time to 
complex syntactic constructions (Kemtes & Kemper, 1997, 1999; Stine-Morrow, Loveless, & 
Soederber, 1996; Waters & Caplan, 2001). The results of Stine-Morrow et al. (1996) indicated that with 
text of increased syntactic complexity, the reading times of younger and older adults’ slowed, and for 
text with complex syntax, both high-span young and older adults allocated more resources (longer 
reading times). However, older adults demonstrated an impairment of off-line comprehension processes 
when answering probe questions, due to working memory limitations (Kemtes & Kemper, 1997, 1999).  
Several studies have shown that, due to their smaller working memory span, older adults reach a lower 
sentence comprehension and text memory performance compared to younger adults (Norman, Kemper 
& Kynette, 1992; Tun, Wingfield & Stine, 1991; Stine & Wingfield, 1987, 1990; Pratt, Boyes, Robins, 
& Manchester, 1989). Hultsch et al. (1990) observed, for example, that age-related variance in text 
recall was reduced when working memory measures were partialled out (see also, Morrow et al., 1992). 
However, some studies have not confirmed the relationship between a decline in working memory and 
impairment in the text recall in older adults: Hartley (1986) did not find working memory to be a 
significant predictor of text recall (see also Ehrlich & Suez-Poy, 1995); the results of Light and 
Anderson (1985), although showing a significant difference in working memory capacity and in the 
responses to factual and inferential questions between young and older adults, did not show that 
individual differences in working memory capacity predict text recall or text recognition. By 
manipulating propositional density and text length Stine and Wingfield (1990) found that working 
memory span accounted for age effects with simple text, but not with difficult texts. Moreover, , in a 
longitudinal study with participants aged 55-86 years over a 3-year period Hultsch, Hertzog, Small, 
McDonald-Miszczak, and Dixon (1992) found age-related decline in working memory, processing 
speed and verbal fluency, but not in word and text recall. 
Deficits in working memory seem to compromise the construction of text-base representation more than 
situational models (see Chapter 1). Indeed, nearly all the studies showing an age-related decline in 
comprehension have focused on memory for text. Indeed, as we saw in the first chapter, young and 
older adults create and use mental models in a similar way. Morrow et al. (1992) proposed a 
comprehension task with questions referring either to the protagonist or the minor characters, and found 
that age differences emerged only for questions concerning the minor characters, and not for the main 
protagonist of the story. 
It is interesting that the few studies that have focused on reading comprehension per se, and not on text 
recall, have observed that, despite an age-related decline in working memory , and its relationships with 
reading comprehension in older adults, age-related differences in reading comprehension are either null 
or limited to the most elderly members of study populations (old-old). 
Using a narrative and an expository standardized reading comprehension test, and allowing participants 
to review texts passages in the response phase, De Beni et al. (in press) found that while the 





comprehension of narrative text was preserved until late adulthood, comprehension of expository text 
declined. They attributed age-related decline in expository text comprehension to its more complex 
internal structure and content. But on a more general level, they also found that, independently of the 
text genre, reading comprehension markedly slower in old-old adults (see also De Beni et al., 2003). 
The authors then compared the reading comprehension scores of old-old adults with normative scores –
for 8th grade students43, and found that their comprehension of narrative and expository text for both 
older adults groups, corresponded to an adequate level of performance. Hence, De Beni et al. (2003) 
suggest that age-related differences in comprehension skills do not compromise quality of life in the 
elderly. Furthermore, working memory capacity, measured with the Listening span test, and 
metacognition, but not age, resulted in accounting for an important part of the variance in both types of 
text (respectively, 31% and 35% for the working memory measure, and 10% and 20% for the 
metacognitive aspects).  
Similarly, Ehrlich et al. (1994) studied the relationship between working memory and reading 
comprehension, but did not observe a decline in text comprehension in older adults (see also Brébion, 
Smith, & Ehrlich, 1997). Furthermore, working memory span and reading comprehension scores were 
significantly correlated in older participants. Waters and Caplan (2001) also found that reading 
comprehension abilities remained stable in participants from 18-to 80+ years old, along with and 
significant positive correlations between working memory span and comprehension.   
De Beni et al. (2003, exp. 2) examined individual differences in reading comprehension in a group of 
young-old poor and good comprehenders, and a group of old-old participants (older than 75 years), 
matched for reading comprehension scores to the young-old poor comprehenders. The authors used the 
following measures: short-term memory tasks (forward and backward digit span), a working memory 
test (Listening span test), and a metacognitive questionnaire. Both working memory and metacognitive 
skills explained individual differences in reading comprehension in older adults. Indeed, De Beni et al.  
found individual differences between young-old good and poor comprehenders in working memory 
capacity, but not in the short-term memory, as well as for all the metacognitive skills. In addition, the 
comprehension-matched older group differed from poor comprehenders in both working memory, and 
short-term memory, but not in metacognitive skills. Moreover, the old-old group produced a higher 
number of intrusion errors on the working memory task than poor comprehenders.  
 
Although it has been established that working memory is clearly involved in reading comprehension, 
results are contrasting concerning the maintenance and decline of comprehension skills with aging. It is 
particularly unclear whether the influence of age on reading comprehension is direct, or mediated by 
other mechanisms. This lead us to ask to the following questions: does age-related decline in working 
                                                 
43 This is the level of comprehension reached by students who have completed the minimum compulsory education as required by the Italian 
educational system. This level is supposed to guarantee reading comprehension skills adequate for normal functioning.  





memory (or other cognitive functions) mediate and attenuate the variance in reading comprehension 
that would otherwise be attributed to age or, does age have a direct impact on reading comprehension? 
 
2.1.1. Age, Reading Comprehension, Working Memory… 
To our knowledge only three studies have examined the relationship between age, language processing 
-measured with offline (Kwong See & Ryan, 1995; Van der Linden et al., 1999; DeDe, Caplan, Kemtes, 
& Waters, 2004), and online comprehension measures (DeDe et al., 2004)-, and cognitive functioning 
using regression analyses or structural equation models.  
Kwong-See and Ryan (1995) studied the relationship between sentence comprehension, text 
comprehension and text recall, age, working memory (backward span and N-back lag test), processing 
speed (color naming), and inhibition (Stroop interference) in young and older participants. Hierarchical 
regression analyses indicated that although working memory accounted for language processing44, its 
age-related variance was itself mediated by inhibition and processing speed. When speed and inhibition 
differences were controlled, working memory did not predict language performance. Although these 
findings suggest that working memory cannot be considered as a central factor in accounting for older 
adults performance in language comprehension, they stated that “this conclusion is strong given the 
narrow assessment of the speed, inhibition, and working memory construct…future research will need 
to extend the range of predictor variables and further sample the many facets of the language 
performance domain”. 
Van der Linden et al.’s (1999) results contradict those of Kwong See and Ryan (1995). Using structural 
equation modeling, they found that the contribution of processing speed and inhibition to language 
processing45 are indirect and mediated by working memory. Moreover, the effect of age on language 
processing was indirect, and it was mediated by age-related differences in working memory, processing 
speed and resistance to interference. These contrasting results can be ascribed to differences in the 
language-processing measures used (immediate comprehension vs delayed comprehension) and the type 
of scores used (composite scores vs multiple indicators) (see also Chapter 4). However, as DeDe et al. 
(2004) suggested, the relation between age and different types of language processing is probably 
mediated by the following processes (see also Kemper & Sumner, 2001): inhibition, processing speed 
for online processing, and working memory for indirect processing or reading comprehension.  
DeDe et al. (2004) examined the interrelationship between age, and working memory (measured with 
the Alphabet Span, the Substract-2 Span and the Sentence Span), using the following language 
measures: online syntactic processing, sentence comprehension, and text comprehension in young and 
older adults. Structural equation modeling was used to assess the mediating effect of working memory 
                                                 
44 Two points must be clarified: 1) when speed was entered first, working memory was a significant predictor of language comprehension; 2) 
when speed and working memory were entered first, inhibition remained a significant predictor. These results indicate that working memory 
and inhibition mediate age-related variance in language performance. Nevertheless, because of the statistical analyses used, the direct 
relationship between mediating factors on language processing could not be examined.  
45 They presented a text comprehension task, a sentence reading and recall task, a story recall task, and a word list free recall task. 





between age and each of the three language processing constructs (i.e. direct, indirect and general 
comprehension). They observed that working memory capacity entirely mediated the effect of age on 
indirect comprehension and text comprehension but did not mediate the effect of age on online syntactic 
processing46. They concluded by suggesting that reading comprehension and offline sentence 
comprehension are part of a domain-general working memory capacity, which agrees with Engle’s 
model, whereas online sentence comprehension taps a separate working memory resource (see, e.g., 
Caplan & Waters, 1999). 
 
2.VIII. WORKING MEMORY AND INFERENCES 
“Working memory is conceptualized as the 
work space where integration and inference 
take place” (Cain et al., 2004). 
In this section we will focus on the relationship between working memory and inference making. In 
Chapter 1 we described the role of inference in reading comprehension as an issue central to the 
understanding of this complex ability. Indeed, reading comprehension skills are related to the ability to 
integrate the information from the different sentences found in a story, in order to generate inferences 
(Cain & Oakhill, 1999), or monitor comprehension, and detect anomalies within a text (Oakhill, Cain 
& Bryant, 2003). We have also stressed the idea that the failures of inferential processes causes a poor 
comprehension. Because inferences are considered higher-level processes in reading comprehension, 
their role has often been studied in relation to working memory.  
It has, indeed, been shown that working memory tasks correlate with elaborative inferences (Dixon, 
Lefevre, & Twilley, 1988; see also Whitney, Ritchie, & Clark, 1991), and bridging inferences (Singer, 
Andrusiak, Reisdorf, & Black, 1992; Daneman & Carpenter, 1980). Inferences, as previously stated, 
make a text coherent and allow the reader to refine text information. Hence, working memory capacity 
is supposed to facilitate the ability to make inferences, especially in the case of bridging inferences, 
and when the text demands on resources increase (e.g., Yuill et al., 1989; Daneman & Carpenter, 
1980).  
Daneman and Carpenter (1980) observed that individual differences in working memory capacity were 
associated with individual differences in inference generation and in text integration. More precisely, 
they demonstrated that the accuracy of pronoun resolution of inferences increases with the reading 
span score. Low span readers are, for example, less able to detect the referent of a pronoun. This result 
was more obvious when distance between the referent and pronoun in sentences is increased. 
Oppositely, high span readers always correctly identify the referent. Singer et al. (1992) found that 
reading span test predict significantly accuracy in judging inference test statements that link non-
adjacent ideas. Therefore, readers that are accurate in making inferences have a higher reading span. 
                                                 
46 Online sentence processing measures did not correlate either with age, or with two of the working memory measures. 





Low-span subjects also have been shown, for example, to: be poorer at recalling text information that 
is not relevant to the original encoding perspective, even when they are cued with the alternative text 
perspective (Lee-Sammons & Whitney, 1991); fail to make inferences because of their tendency to 
interpret texts earlier than high-span participants (Withney et al., 1991); be lees prone to make 
predictive inferences for reading purposes (e.g., Linderholm & van den Broek, 2002), than high span. 
Budd et al. (1995) argue that the poor inference making performance of low span participants is due to 
a more general difficulty in maintaining and activating global information during reading (Budd, 
Whitney, & Turley, 1995).  
Estevez and Calvo47 (2000) studying inferences that are anticipations of likely events, predictive 
inferences, showed that a high working memory capacity determines their time course. Calvo (2001) 
observed that working memory contributed to predictive inference during reading, and more 
interestingly that inferences were drawn on-line only by high-span participants but not by low-span 
participants. As these inferences require more time to be made, they require the limited and effortful 
resources of working memory (see also Linderholm, 2002; Calvo, 2004).  
Therefore, it is easier for high-span individuals to draw predictive inferences during reading especially 
when integrative text processes are more demanding, because they actively maintain the textbase, and 
the mental representation of the text that allow them to understand it (Just & Carpenter, 1992). Indeed 
high-span individuals, for example, spend less time generating predictive inferences compared to low-
span individuals as a higher working memory capacity favors integrative processes between new text 
information and information that was read earlier. Therefore, the larger the working memory capacity 
of a reader, the more he/she will be able to draw optional elaborations that go behind the 
straightforward text representations.  
 
VIII.1. CHILDREN 
It has been quite well established that the ability to draw inferences increases with age, due to the 
development of working memory. Indeed, it has been shown that young children generate fewer 
inferences than older children (e.g., Casteel & Simpson, 1991), which suggests that inference making 
skills facilitate comprehension development. Moreover, comprehension difficulties are often ascribed 
to a difficulty in making inference (Cain & Oakhill, 1999). It has been found that less-skilled 
comprehenders’ are impaired in making inferences with respect to skilled ones, as they generate less 
inference than skilled ones. Less skilled comprehenders are at a disadvantaged when the distance 
between the pieces of information to be integrated in a text in anaphor resolution and inconsistency 
detection increases (Ehrlich & Remond, 1997) increase. Poor comprehenders have difficulty making 
integrative inferences that connect different parts of the text48, and elaborative inferences (gap-filling 
                                                 
47 Studies by Calvo and colleagues used eye-fixation measures.  
48 Whereas elaborative inferences require the reader knowledge to be integrated with the text and enrich text representations, coherence ones 
establish the link between premises in the text 





inferences) (Cain & Oakhill, 1999), even when they were allowed to look back at the text (Oahkill, 
1984). These studies emphasize that while skilled comprehenders have rich representations, those who 
are less skilled are poor inference makers, and therefore create a weak situation model, and have an 
incomplete comprehension of text.  
As inference skills constrain the integration of information in a text, and integration actively involves 
working memory, researchers have often drawn conclusions about the relationship between integration 
processes and working memory capacity, without assessing the working memory capacity. This is 
particularly true as studies on inference are often conducted with skilled vs non-skilled readers, and an 
implicit assumption is that less skilled readers have poorer working memory performance. Indeed, 
most of the work by Oakhill and colleagues (see Chapter I) has highlighted the crucial role played by 
integration processes in comprehension difficulties. Once word identification skills are acquired, 
higher-level processes, such as working memory, have to be taken into account.  
Nonetheless, as Oakhill and Yuill (1996) stated “ patterns of causality between working memory skills 
and text comprehension have yet to be established”.  
In a longitudinal study with children aged 8, 9 and 11 years, Cain et al. (2004) observed that, although 
working memory is important, a reader’s working memory capacity does not fully explain his/her 
inference generation capacity49. They suggest that working memory “should be regarded as one of 
several factors that can influence comprehension ability and comprehension development” (see also, 
Oakhill, et al., 2003).  
 
VIII.2. OLDER ADULTS 
As presented in the first chapter, age-related differences in inference making between young and older 
adults are contrasted: some studies show an age-related decline (Hasher & Zacks, 1988; Cohen, 1979, 
1981), while others suggest that inferential processes do not decline with age (Light & Anderson, 
1988; Belmore, 1981). To our knowledge, the relationship between drawing inference and working 
memory in older adults has not been directly assessed from an empirical point of view. Indeed, failures 
in inferential processes are often interpreted as due to poor working memory, without direct measure. 
There are few examples of such studies. Zacks and Hasher (1988), using paragraph-length passages, 
showed that older adults produced fewer accurate inferences (21% less) than young adults, due to the 
age-related decline in working memory. Using the same procedure, Cohen (1979, Experiment 2) also 
presented older and young participants with paragraph-length passages and found that older adults 
were less accurate than young adults when answering inferential questions. The results of these two 
studies suggest that paragraph-length experimental texts may be more sensitive to age related decline 
in working memory. Hence, because of the increased demand on working memory, older adults are 
more hampered than young in drawing inferences from long texts, compared to situations in which 
                                                 
49 The correlations between working memory and inference generation were, indeed, significant only at Time 2 and 3, but not at Time 1. 





texts consist of three sentences or less. Light and Capps (1986) found that older adults had more 
difficulty in identifying pronominal referents when the text-processing load is increased (distance 
between the antecedent and the anaphor), which they interpreted in terms of working memory failure, 
and forgetting of information. Hamm and Hasher (1992) attributed older adults’ greater difficulty in 
drawing inferences from ambiguous sentences in a misleading situation to working memory.  
 
2.IX. SUMMARY 
This review of the literature highlights the important relationship between working memory and 
reading comprehension across the lifespan, in both children and older adults. Studies that examined 
individual differences between children, good and poor comprehenders, high and low span 
participants, young and older adults, confirmed the crucial role working memory plays in reading 
comprehension ability. If the information read is not available in working memory during reading, 
comprehension fails.  
We consider working memory to be an activated subset of long-term memory that essentially serves to 
maintain and process attentionally information. During reading comprehension, working memory 
capacity permits symbolic computations (propositional text level), and the generation of the 
intermediate (textbase level) and final products (situational model). Information, in fact, needs to be 
active in working memory in order to select, and retrieve or reinstate previously read information from 
long-term memory. Children and older adults have frequently been found to have smaller working 
memory span than young adults. 
 
In the first part of this chapter we have reviewed empirical evidence on age-related differences in 
working memory capacity, both in children and in older adults. Neo-Piagetians assume a causal link 
between an increase in the quantity of information that can be simultaneously processed, and the 
emergence of stages in cognitive development. Attentional capacity is, indeed, assumed to increase 
regularly, and to be a good predictor in many tasks. To the same extent, studies related to aging have 
proposed that changes in working memory capacity account for age-related differences in other 
complex tasks.  
It has been suggested that children and older adults poor working memory accounts for their 
comprehension difficulties. Both children and older adults have more difficulty in retaining text 
information that facilitates the comprehension of subsequent sentences, and the construction of a 
coherent text representation because of their reduced working memory. However, some studies with 
adults have shown that reading comprehension remains stable in spite of age-related decline in 
working memory in older adults compared to young adults. This is primarily the case of studies 
interested in the comprehension per se, rather than in the memory for text. Hence, the limited capacity 
of working memory becomes more apparent with complex texts or more demanding sentences and 





texts. Reading comprehension performance therefore appears to be particularly impaired when the 
syntactic complexity of sentences is manipulated, or when an extraneous memory load is introduced.  
Moreover, few studies so far have attempted to directly relate inference-making abilities, “the heart of 
comprehension”, to an external measure of working memory in both children and older adults.  
Yet in order to better understand reading comprehension these aspects must be clarified. This is one of 
the aims of the present dissertation, as we will discuss in detail in Chapter 4. Indeed, van der Linden 
(1999) emphasizes the relationship between age and reading comprehension could be mediated by 













INHIBITION AND READING COMPREHENSION 
 
3.I. INTRODUCTION 
During reading comprehension, the reader is continuously required to maintain relevant or important 
information in working memory, and at the same time eliminate irrelevant information. Moreover, the 
information that is read has to be temporarily maintained in memory and integrated in order to build a 
coherent representation of the text. Given that working memory capacity is limited, in order to avoid 
saturating it, making good use of memory implies not only maintaining as much information as 
possible, but also inhibiting information that is no longer relevant or that was irrelevant from the 
beginning. For example, if new information is incongruent with previous information, the reader must 
suppress the irrelevant information in order to maintain text global coherence. Failures in this process 
would, as a consequence, lead to misinterpretation of the text. As in the working memory span test 
(reading span test), during comprehension the reader has to partially suppress information entered and 
processed in working memory (Carretti et al., 2004).  
Some of the reading comprehension models presented in the first chapter mentioned the role that 
inhibitory mechanisms play in the construction of text representation. In Kintsch’s model (1988), the 
creation of the situation-model occurs during both the construction and integration processes: an 
approximate but incoherent mental model is built locally during the construction phase, while 
inappropriate constructions are rejected and suppressed in favor of those that fit with a coherent and 
global representation of the text during the integration phase. According to Gernsbacher’s model 
(1990), comprehension depends on the efficient construction and maintenance of mental structures. If 
new information is not related to a current structure, the comprehender shifts to a new mental 
substructure, or suppresses the irrelevant new information in order to decrease memory load. 
Comprehension processes are damaged if too many substructures are created and maintained due to 
inefficient suppression mechanisms. 
 












3.II. INHIBITION  
If, as Park stated, “there is no question that with age, performance on working memory tasks 
decreases” or increases “…the question of why capacity appears to shrink” or to develop “with age” is 
still unanswered. 
The concept of inhibition, and a broad range of phenomena associated with it, has gained greater 
relevance in the past few years.  
Inhibition mechanisms refer to the ability to control for irrelevant information during the execution of 
any types of cognitive processes. Various theoretical approaches conceive inhibition as a general 
mechanism that manages the individual cognitive resources necessary for processing information. 
Bjork (1989) affirms that inhibitory processes are as important as excitatory processes in information 
processing and in human cognition: attention is used not only to activate relevant memory elements, 
but also to inhibit those that are irrelevant. 
The inefficient inhibition hypothesis (Harnishfeger, 1995; Bjorklund & Harnishfeger, 1990) refers to 
the inadequate suppression of previously activated contents and cognitive processes. Efficient 
inhibitors are able to actively suppress previously activated information that is not relevant to task 
performance. This mechanism permits the limited working memory capacity to process and store 
information better, as it is less encumbered by irrelevant material. Inhibition, indeed, controls working 
memory contents “suppressing previously activated contents, clearing irrelevant actions or attention 
from consciousness, and resisting interference from potentially attention-capturing processes” 
(Bjorklund & Harnishfeger, 1995). Efficient inhibitory processes leave more resources available for 
processing information relevant to task goals, more capacity for storing information, and executing 
cognitive processes. Hence, poor inhibition not only limits, but also damages cognitive performance 
by allowing irrelevant information to consume limited storage capacity, and permitting the application 
of resource consuming operations to irrelevant information (Harnishfeger & Bjorklund, 1993).  
The term inhibit is used to refer to the processes that occur in attention allocation and resistance to 
interference. The developmental increase in resistance to interference has also been used to argue for 
developmental growth in efficiency of inhibitory processes (Harnishfeger, 1995). Young children are, 
indeed, considered to be inefficient inhibitors, as they are unable to suppress the activation of task-
irrelevant information and associations during cognitive processing. Consequently, their working 
memory space is consumed with irrelevant information50.  
Inhibition is, therefore, seen as a processing mechanism that develops as a by-product of the ongoing 
frontal lobe maturation (Bjorklund & Harnishfeger, 1995). This maturation determines the age-related 
decrease in susceptibility to interference (Goldman-Rakic, 1987; Dempster, 1992). Dempster (1985, 
1991) proposes that the crucial factor in cognitive development is the increasing inhibitory capacity, 
                                                 
50 The inefficient inhibition hypothesis can be thought of as an extension of the limited mental resource model by Case (1985).  





rather than an increase in activation. Indeed, the ability to inhibit irrelevant information is an important 
fundamental mechanism that underlies many of the changes that are observed during cognitive 
development, regardless of the task or context (Dempster, 1993). 
The role of inhibition in development, and in aging, has also been underlined by Pascual-Leone 
(1983). His model of mental attention includes both activation and inhibitory processes (Pascual-
Leone, 1987). Inhibition is considered to be an “active mental-attentional suppression of task 
irrelevant information” (Johnson et al., 2003), that suppresses the activation of schemas that are not in 
the focus of attention (Pascual-Leone, 1983). In particular, the I operator is a central attentional 
mechanism that inhibits (deactivates) irrelevant schemas, and carries out functions that are 
complementary to the M operator. Indeed, because the I and M operators act in synergy, they are co-
functional, and their development may be intertwined in some way. Among the most important claims 
made in Pascual-Leone model are the assumptions that both I and M operators are localized in the 
frontal and pre-frontal lobes, and they both develop during infancy and decline in advanced age. 
Due to the attention cognitive researchers have devoted to this aspect, some authors have tried to 
classify inhibitory functions. Hasher and Zacks (1988) first presented a “new view” of age differences 
to explain the age-related changes in working memory capacity. They looked at inhibition in relation 
to working memory capacity. They proposed that inhibition is involved in a number of different kinds 
of control functions that allow people to: a) determine which activated representations enter into 
working memory, b) suppress those representations that are no longer relevant to the current goal, and 
c) prevent predominant but inappropriate responses (Hasher & Zacks, 1988). When inhibitory 
mechanisms are inefficient, a broader range of information will enter working memory “cluttering” its 
capacity (Hasher, Quig & May, 1997). Cognitive inhibition therefore prevents the activation of 
irrelevant exogenous or endogenous distractors (Hasher & Zacks, 1988). It is, indeed, seen as a 
attentional mechanism central to realizing a large variety of tasks, from simple (perceptual task) to 
complex ones (working memory), as well as abilities like reading comprehension. 
It is largely accepted that aging coincides with a decrease in the effectiveness and efficiency of our 
ability to control interference (Hasher & Zacks, 1988). Indeed, the tendency to maintain irrelevant 
information active has been proposed as one of the sources of age-related decline in the working 
memory control or content. Recent studies have shown, for example, that with advancing age 
inhibitory mechanisms continue to become less efficient (Persad, Abeles, Zacks, & Denburg, 2002), 
with old-old performing worse on inhibitory measures than young-old (e.g., de Beni et al., in press). 
Older adults, as well as with low working memory span young adults (Conway & Engle, 1994; Rosen 
& Engle, 1998; Kane & Engle, 2000), are less likely to inhibit irrelevant items, and more likely to 
retrieve them (e.g., Hamm & Hasher, 1992; Hartman & Dusek, 1994; Hartman & Hasher, 1991).  
 
 





3.III. THE INHIBITION OF IRRELEVANT INFORMATION 
Several inhibitory paradigms have been proposed to study age-related changes in inhibition in both 
children and older adults. The following attentional tasks are of particular interest to the present 
research: the Stroop Color task, Negative Priming and Directed Forgetting tasks.  
Consider, for example, the Stroop effect (Stroop, 1935; MacLeod, 1991) which involves stimuli that 
have mutually contradictory properties. Adults are able to read the name of a color, for example the 
word “red”, more quickly than they are able to respond “red” when presented with a figure of this 
color. And when presented with the names of colors written in different colors, for example the word 
“red” written in yellow, adults do not find it particularly difficult to read the word. However, they do 
demonstrate difficulties (slower answers and occasional errors) in stating the color in which such 
words are written. This difference in behavior indicates that subjects cannot avoid reading a word 
when required to name its color, which is the relevant task goal. Because it is more accessible, the 
information about the word’s meaning interferes with the incompatible information about its color. 
The fact that, nevertheless, one almost always succeeds in answering correctly suggests that process 
that discards incorrect information does exist.  
The Negative Priming paradigm is another case in which inhibition is required. We have just seen that 
the Stroop effect involves the delayed response to a stimulus because of the irrelevant features of the 
stimulus, which must be inhibited. In contrast, negative priming involves a delayed response to a 
stimulus because of irrelevant features of the preceding stimulus, features that are present and relevant 
in the current stimulus. The distractor stimuli in the first trial (prime trial) then become the intended 
stimuli (target) in the subsequent trial (probe trial). As a consequence, the participant has to suppress 
the previous inhibition of the distractor in the prime trial, and re-activate it, as in the probe trial it has 
become the target. The most accepted interpretation of priming is that, having inhibited the 
representation of the irrelevant aspects of the first stimulus, more time is required to activate them 
when they become relevant for the response to the stimulus that follows. 
In the Directed forgetting paradigm participants are presented with a list of words or digits. During 
this presentation a signal is given to indicate whether the stimuli should be forgotten or remembered. 
Focusing on one of the procedures used, the blocked-cueing procedure51, for example, the to-be-
forgotten (TBF) items are supposed to have been encoded and stored in memory before the participant 
learns that they should be forgotten. Efficient forgetting takes place if a participant suppresses 
information that is no longer relevant (TBF items).  
 
 
                                                 
51 Two types of cueing procedures are traditionally used: item-by-item and blocked-cueing. The main difference between these procedures is 
that in the first cues to remembered or forget are presented either simultaneously or immediately following the presentation, while in the 
second case the cue is given after the presentation of the set of to-be-forgotten stimuli.  





3.IV. INHIBITION AND AGE DIFFERENCES 
We will now look at age differences in children and older adults in the Stroop Color, the Negative 
Priming and the Directed Forgetting tasks. 
 
IV.1. CHILDREN  
In one of the first experiments using the Stroop task, Comalli, Wapner, and Wener (1962) observed 
significant developmental differences in the Stroop interference effect: beginning at the age of 7 this 
effect decreased throughout childhood up to 17-19 years of age. Bub, Masson and Lalonde (in press) 
used a Stroop test in a group of children from 7 to 11 years of age, in which the naming of a color was 
alternated with the reading of a word. They found a larger interference effect and an increase in 
response times in the incongruent condition in younger children compared to older ones. Examining 
performance in a modified version of the Stroop task, the Animal- Stroop task, an increase in 
efficiency in inhibiting incongruent trials (decrease in response time with age) was observed in 
children between 3 and 16 years old (Wright, Waterman, Prescott, & Murdoch-Eaton, 2003). Indeed, 
Wright et al. (2003) found that the response latencies cost between incongruent and control trials 
increased in children (from 3 to 6 year-olds), and declined gradually in middle childhood. These 
studies suggest that there is an increase in the resistance to interference effects with age, as measured 
by the Stroop task. 
The few studies conducted using the Negative Priming task in children yield, however, mixed results. 
Pritchard and Neumann (2004) found, for example, equivalent negative priming effects in children 
aged from 5-to 12 years old. Tipper and McLaren (1990), presented a negative priming location task 
found and that 5-to 6 year olds showed a negative priming effect to the same degree as 11- to 13 year 
olds and adults. Tipper, Bourque, Anderson, and Brehaut (1989), using a Stroop and picture naming 
Negative Priming task, observed, however, a negative priming effect in adults, but not in children of 7 
and 8 years of age. Moreover, negative priming seems to be manifest at an earlier age (e.g., Simone & 
McCormick, 1999), in response to location rather than to the context of a Stroop task (e.g., Tipper & 
al., 1989). Johnson et al. (2003) attempted to unravel why negative priming emerges at different ages 
in these tasks. In their study, two tasks in which the I operator might be involved were presented: a 
Stroop task52 and a spatial location task, both designed according to the logic of negative priming. 
These tasks were given to samples of children in the age range from 6 to 11. Their results showed a 
negative priming effect in the spatial location task, which was highly significant independently of age. 
In the Stroop task, a large interference effect emerged: it was significant in both younger (6-8) and 
older (9-11) children, but it was larger in the younger (6-8) age. The negative priming effect was, 
however, significant only in the older group. Analyses of correlation shed some light on different 
                                                 
52 The Stroop task had three experimental conditions: a control condition, an interference condition, and a negative priming condition. The 
spatial location task, however, had only the control and negative priming condition.  





forms of negative priming effects in the Stroop task. Correlations indicated that those children who 
inhibited the irrelevant features in a Stroop stimulus better, since they showed a smaller interference 
effect, also showed a larger negative priming effect in the condition where inhibition of the irrelevant 
features of the previous item became residual inhibition of the relevant features of the current item. 
However, negative priming in the spatial location task was clearly uncorrelated with both negative 
priming in the Stroop task, and interference in it. That is to say that the Stroop and the spatial location 
paradigms tap two different and unrelated forms of negative priming. Johnson et al. (2003) interpreted 
the results according to Pascual-Leone’s (1983) distinction between effortful and automatic 
interruption.  
The Stroop task requires effortful inhibition because of its misleading nature; each stimulus has 
contradictory features that demand the subject to filter out the most salient features, which in fact is 
the most irrelevant. Therefore, individual differences in negative priming are associated with reduced 
interference, and age-group differences with the successful interruption of the task by a certain age 
(for 9 year-old children in this paradigm). The spatial location task on the other hand can be described 
as distracting (because two stimuli appear but participants must respond to only one) but not 
misleading (because the two stimuli are clearly distinguishable and their properties make it clearly 
which one is the target stimulus). Hence, no effortful inhibition is needed. Instead, automatic 
inhibition is produced (at all ages, and without any specific relation to task difficulty) as a 
consequence of the choosing to respond to the stimulus in a particular location, and ignoring the other 
one.  
Harnishfeger and Pope (1996) conducted a developmental study of Directed Forgetting, using a 
blocked procedure, with first, third, and fifth graders, as well as adults. In the Directed Forgetting task 
they verbally presented 20 unrelated words in two 10 items sets, in three experimental conditions: 
Remember-All (RA), Forget-All (FA), and Forget-Only (FO)53. Harnishfeger and Pope hypothesized 
that if inhibitory capacity develops with age, older children should recall fewer TBF (to be forgotten) 
items at recall, but both the TBF and TBR (to be remembered) should be equally well recognized. 
Their results indicated that fifth graders as well as young adults, but not first and third graders, had the 
best performance by the directed forgetting procedure (see also Bray, Justice, & Zahm, 1983; but see 
Zellner & Baulm, 2005). Fifth graders and adults remembered: a) more TBR items than TBF in the FA 
condition, indicating that they inhibited the TBF items; b) more items of the first set of the RA than of 
FA, indicating that items of the first part of the FO (that is TBF items) were inhibited, but the items of 
the first part of the RA were not. In contrast, because of inefficient inhibition younger children 
recalled more TBF items than TBR items in the FO condition, when they were required to recall only 
                                                 
53 The three conditions were the following: in the first condition –Remember-All (RA)- after the first 10 words, they were instructed to 
continue trying to remember the words and also to remember the remaining ones (the following 10 words); at the end of the list they were 
asked to recall all words; - in the second condition- Forget-All (FA)- after the first 10 words, participants had to forget those words and 
remember the remaining ones. At recall, they were required to remember all the words, even the ones they had to forget; - in the third 
condition –Forget-Only (FO)- the procedure was similar to the Forget-All condition, but at the end of the list only the words they were told to 
remember were asked (second set).  





the TBR items (see also Harnishfeger & Bjorklund, 1993). Moreover, the children’s performance, 
even that of fifth graders, did not differ in number of TBF items recalled in the FO and FA condition, 
contrary to adults (who recalled more TBF items in the FA than in the FO conditions). This result was 
interpreted in terms of the growth inhibitory ability in children54. Indeed, fifth graders were not able to 
withhold inhibited but remembered items when asked to do so (FA condition).  
Overall, these results show that the ability to inhibit activation improves over middle-childhood, as 
does the maintenance and retrieval of task-irrelevant information on a memory task (see also, 
Harnishfeger & Bjorklund, 1993; Lehman, Srokowski, Hall, Renkey, & Cruz, 2003).  
 
IV.2. OLDER ADULTS 
When comparing young and older adults empirical results on the Stroop effect are also quite 
discordant. Indeed, if some studies have shown age-related differences in the Stroop interference 
effect, supporting the hypothetical age-related decline in inhibitory efficacy of older adults, others 
have disconfirmed the universality of this effect, as similar effects were observed in both young and 
older adults.  
These differences may be explained by the type of scoring used, such as simple differences between 
incongruent trails and a baseline vs a ratio scores, and the type of control task used to verify the 
presence of the Stroop interference effect. When a simple difference between the incongruent trails 
and the control (baseline) is used, older adults do indeed show a stronger interference effect than 
young adults (e.g., Cohn, Dustman & Bradford, 1984; West & Alain, 2000; Schelstraete & Hupet, 
2002). However, when using a ratio score of relative differences and controlling for the speed of 
processing, the Stroop effect is similar across age groups (e.g., de Ribaupierre et al, 2004). As 
underlined by Verhaeghen and De Meersman (1998b)55, before interpreting results to mean that an 
inhibitory deficit exists in older adults, others factors have to be taken into account, such as the speed 
at which older adults process information. Indeed, Verhaeghen and De Meersman (1998b) highlighted 
that, when a simple difference between the incongruent and baseline conditions was used, age related 
differences were clearly evident; but this changed when the speed of processing was controlled to take 
into account age-related general cognitive slowing. When processing speed is controlled, the 
differences in interference effect between young and older adults is not significant, and a central age-
related slowing factor accounts for performance in both the incongruent and control tasks. 
Nonetheless, age related differences in interference effect between young and older adults have also 
been observed using ratio scores (e.g., Spieler, Balota, & Faust, 1996).  
The disagreement over the Stroop effect, can, however, also be ascribed to task characteristics, such as 
its content (like the proportion of incongruent trials) (see West & Baylis, 1998), its format (block vs 
                                                 
54 The involvement of the frontal lobe in directed forgetting (Anderson & Craik, 2000) can support the developmental results presented. 
Indeed, the maturation of inhibition is considered a by-product of frontal lobe maturation, as we stated. 
55 Their meta-analysis was based on 20 studies.  





item by item), or the spatial integration of word and color stimuli (e.g., Borella, Delaloye, de 
Ribaupierre, Lecerf, 2000; Lecerf, de Ribaupierre, Borella, & Delaloye, submitted).  
Borella et al. (2000) used two versions of the Stroop task in which the stimuli and words were spatially 
integrated, or separated (i.e. dissociated) both spatially and temporally56. The differences between the 
two Stroop tasks used involved the degree of activation of the irrelevant information. In the Stroop 
version in which relevant and irrelevant information were embedded (integrated version), the 
information to be suppressed was highly activated, as the irrelevant information cannot be ignored 
because it is embedded with the relevant information. In the dissociated Stroop version, in which 
relevant and irrelevant information were dissociated, the irrelevant information was assumed to be less 
salient than relevant information. This study made an important point that if a distractor is not 
sufficiently activated, its inhibition is not really necessary. Results showed that older adults57 had 
longer response latencies in the integrated version than in the dissociated version (see also de 
Ribaupierre et al., 2004). However, using ratio scores, the larger interference effect found in older 
adults was no longer significant.  
Studies using the Negative Priming paradigm58, have also found contrasting results regarding the age-
related reduction of the ability to inhibit distracting material. 
Several studies have shown that the negative priming effect is less important in older adults than in 
young adults (e.g., Kane, Hasher, Stoltzfus, Zacks & Connelly, 1994; Kane, May, Hasher, Rahhal & 
Stoltzfus, 1997), supporting the existence of an age-related reduction in inhibitory efficacy59. In 
particular, a negative priming effect was found in younger adults, but not in older adults, using 
denomination tasks, for example, of capital letters (Connelly & Hasher, 1993) or pictures (Sullivan & 
Faust, 1993), but not in spatial location tasks (e.g., Connelly and Hasher, 1993). A meta-analysis by 
Verhaeghen and De Meersman (1998a) found a reliable negative priming effect in both older and 
younger adults, although no negative priming effect was expected for older adults independent of task 
content (identity or spatial localization). The effect found was smaller in older adults.  
Contrary to these findings, equivalent negative priming effects between younger and older adults have 
been observed using a negative priming task embedded in Stroop Color tasks (Borella, et al., 2000; see 
also Little & Hartley, 2000; Van der Linden et al., 1999). In addition, congruent with the results 
obtained for the Stroop interference effect, this effect was more pronounced for the integrated version 
(highly activated), than for the dissociated version (less highly activated).  
In a recent meta-analysis, Gamboz, Russo, and Fox (2002) concluded in favor of equivalent negative 
priming effects between younger and older adults (Gamboz et al., 2002). The results of their meta-
analysis suggest that inhibitory mechanisms are preserved with age. 
                                                 
56 The SOA was fixed at 100 ms. (see MacLeod, 1991).  
57 Using relative differences, however, the effect of age diminished and it was no more significant in the integrated version.  
58 Several interpretations of this effect have been proposed that go behind the inhibitory one, such as episodic retrieval (see e.g., Sullivan & 
Fust, 1993).  
59 It is important to note that age-related differences even when negative priming effect were observed vary in terms of effects size across the 
study. 





Lecerf et al. (submitted) argue that one possible explanation for the different results patterns found in 
these studies is that older adults are more susceptible to irrelevant information, but do not present less 
efficient inhibitory processes. As a consequence, in older adults irrelevant information may be more 
activated than in young ones.  
Zacks, Radvansly and Hasher (1996) assessed whether there were age-related differences in Directed 
Forgetting tasks, which are often used to investigate intentional forgetting of updated information.  
In line with the inhibitory explanation for directed forgetting, Zacks et al. (1996) advanced the general 
prediction that, if the elderly suffer from a breakdown in cognitive inhibition, they should process to 
be remembered words (TBR) more extensively than young adults and, therefore, this information 
should be more accessible to them. The authors tested this hypothesis in a series of experiments using 
both types of cueing procedures (item and list cueing). Each study list was followed by a free recall 
task, in which participants were asked to recall only TBR words. Participants were asked to recall both 
TBR and TBF words from all the previously studied lists in the final free recall task. In line with their 
theoretical framework, Zacks and colleagues (1996) found reduced directed forgetting effects in older 
adults compared to younger adults, measured as the absolute difference between recall of TBR and 
recall of TBF words. Moreover, the intrusion of TBF words was more common in older adults than in 
younger adults when asked to recall only TBR words. Zacks and colleagues interpreted these findings 
as evidence that older adults are less able to suppress items designed as “to be forgotten” than younger 
adults because of the age-related inhibitory breakdown. Similar results, confirming the age-related 
decline in directed forgetting and a higher directed forgetting cost in older adults were also found by 
Andres, Van der Linden, and Parmetter (2004).  
Gamboz and Russo (submitted) have, however, shown that these differences are no longer significant 
when baseline recall performance is taken into account when calculating the directed forgetting effect, 
in both item and list cueing methods. Some studies have, indeed, reported similar directed forgetting 
effects for younger and older adults (Gamboz & Russo, 2002; Zellner & Baulm, 2005; de Ribaupierre 
et al., 2004).  
The larger directed forgetting effect detected by Zacks et al. (1996) is not attributed to an-age related 
decline in inhibitory efficacy by a certain number of other authors. The reduced directed forgetting 
effect found in older participants has been attributed to a decline in source monitoring (see Gamboz & 
Russo, submitted), in retrieval processes (Basden, Basden, & Gargano, 1993), as well as in episodic 
memory (Verhaeghen et al., 1993).  
Gamboz and Russo (2002), for example, interpret this in terms of the depth of information. By, 
manipulating word processing in an item-by-item cueing procedure, they tested their hypothesis that 
an age-related reduction in episodic memory that leads to greater age-related differences when 
information is processed at a superficial level, than when it is processed at a deeper level. Participants 
had to perform a deep or a superficial orienting task on each word before the to remember and to 





forget cue appeared. The results showed that, when participants were instructed to deeply process both 
to-be-remembered and to-be-forgotten words, younger adults recalled more TBR and TBF words than 
older adults. In the latter case, equivalent directed forgetting effects emerged for younger and older 
adults. In the superficial and control conditions the directed forgetting effect were more important for 
young adults than for older adults. 
 
The paradigms presented here are only examples of the large number of tasks used in the research on 
inhibition, interference, and attentional processes as central mechanisms of cognitive development or 
cognitive aging. Mixed findings have been observed concerning age differences. In particular some 
studies support inhibitory decline with age, while others strongly contend that inhibitory mechanisms 
are preserved with age. Results of research with children appear to be less divergent, and support the 
hypotheses that the ability to resist highly activated or distracting information becomes increasingly 
efficient with age. However, age differences in children are not comparable and consistent in all the 
different inhibition paradigms used. 
According to some researchers, the psychometric characteristics of the tasks and the reliability of the 
inhibitory measures used may explain the divergence in results. When the reliability of the inhibitory 
measures is reported, this is unsatisfactory. Test-retest correlations between inhibitory tasks have been 
shown to be null (e.g., Lowe & Rabbitt, 1998; Bestgen & Dupont, 2000; but see Burgess, 1997). de 
Ribaupierre, Borella, and Delaloye (2003) computed the reliability of inhibitory indexes, with both the 
split-half and the odd-even one methods, and found that they lack reliability. This could therefore 
account for the non-stability of effects (Park, et al., 2002; Lowe & Rabbit, 1998).   
Alternatively, it could be hypothesized that inhibition is not a general construct, but that specific 
inhibitory processes exist and are solicited according to the task demand, and the situation (see de 
Ribaupierre et al., 2004).  
If inhibition is a general mechanism we should at least expect that age-related changes would be 
similar, regardless of the type of inhibitory tasks used. However, in order to determine if this is the 
case, several inhibitory tasks must be administered to the same individual and their correlations must 
be examined (de Ribaupierre et al., 2003), in the hope of understanding the dimensionality of 
inhibition. At the moment it is not clear, and will not become so by using isolated studies involving a 
single paradigm, whether the age-associated effects that are found can be explained by a general 
mechanism. According to the literature, the dimensions of cognitive aging may be over- or even 
underestimated, by either interpreting different operationalizations of the same process as independent 









3.V. INHIBITION OR «INHIBITIONS»? 
If different inhibitory tasks indicate a lack of efficacy in inhibitory mechanisms in children and older 
adults60, the picture changes dramatically when several inhibitory tasks are presented in a within 
subject design. The few studies that have adopted such a design have found weak or null correlations 
between the different inhibitory tasks.  
The few studies that have used different measures of inhibition in children and have examined the 
relationship between them have found either moderate correlations (Carlson, Moses & Breton, 2002) 
or null correlations (Johnson et al., 2003; de Ribaupierre et al., 1997).  
In studies on aging very weak correlations have been also found between inhibitory tasks (e.g., 
Salthouse & Meinz, 1995; Rabbitt, Lowe, & Shilling, 2001). Shilling, Chetwynd & Rabbit (2002) 
reported no significant correlation, between the Stroop interference effects obtained with four variants 
of the Stroop task in a sample of older adults. Lecerf, et al. (submitted) examined across-task 
correlations between the Stroop, the Hayling and the Negative priming paradigms, and found no 
significant correlations61. Furthermore, as Lecerf and colleagues manipulated the level of activation 
within each of the inhibitory tasks presented (see de Ribaupierre et al., 2003), they hypothesized that if 
there was some generality in the inhibitory mechanism, highly activated version of the tasks should 
correlate more strongly than low activated versions. No significant correlations were found either 
across tasks or between the two versions of a same task, except for the two indices of the Hayling task 
(.54). The same pattern of results was found when correlations were only computed for subjects 
providing a reliable effect62.  
Using structural equation modeling de Ribaupierre (2001) observed that the latent variable of 
inhibition (defined by the Stroop Color, Proactive Interference tasks63) accounted for almost no 
variance in the observed inhibitory variables. Similarly, Park et al. (1996) was unable to construct a 
latent variable of inhibition. The results of Friedman and Miyake’s (2004) structural equation model 
supported the specificity of inhibitory functions. They concluded that “…theories positing inhibition 
as a unifying mechanism or theme may be overly ambitious. …It is possible that one kind of inhibition 
may provide a unifying framework, but the nature of this inhibition must be more clearly specified.” 
(see also Salthouse, Atkinson, & Berish, 2003).  
In summary, although inhibition is an intriguing construct proposed to explain age differences, it is not 
clear if it is a general mechanism, or if different mechanisms are at work, according to the type of 
inhibitory tasks proposed. The results we have reported question the unitary vision of inhibition and 
suggest the existence of specific inhibitory processes. 
                                                 
60 It is important to remind that age effects are not so important as it was assumed. Indeed, as it emerged from a number of studies older 
adults are as efficient as young in inhibition irrelevant or no longer-relevant information. 
61 They computed correlations on inhibition/interference indices. 
62 A bootstrap procedure was used to assess if those individuals presented a reliable effect in one task also present a reliable effect in another 
task. 
63 Although a Negative Priming task was also administered, the negative priming index had to be excluded from the model in order to 
construct the latent variable “inhibition”. 





Hence, de Ribaupierre et al. (2003) have recently proposed a taxonomy64 of inhibitory tasks. Inspired 
by Pascual-Leone (1969), they identified three broad classes of inhibitory tasks:  
• “misleading tasks, in which a prepotent or predominant response must be actively suppressed 
in order to give a correct response”65. The Stroop Color test or the Hayling test66 are examples.  
•  “distracting tasks, in which irrelevant information is also highly activated, and lowers the 
probability of activation or the efficiency of a correct response”. However, contrary to the misleading 
task, the distracting element does not conflict with the correct response. The Negative Priming task is 
an example. 
• Within the class of distracting tasks, a further sub-distinction must be made between: 
distracting tasks at the time of encoding, in which the irrelevant information is presented at encoding 
(e.g., Negative Priming), and distracting tasks in which information becomes irrelevant during the 
task, and must be suppressed in order to efficiently process relevant information (e.g., the Directed 
forgetting task).  
According to de Ribaupierre et al. (2003) the inhibitory functions proposed by Hasher and Zacks 
correspond to their own inhibitory task taxonomy. de Ribaupierre proposed that misleading tasks best 
assess the restraining function on inhibition; distracting tasks at the time of encoding the access 
function; and distracting tasks in which the information becomes irrelevant the deletion function.  
The three classes of inhibitory tasks proposed differ both at qualitative and quantitative levels. At the 
qualitative level, distracting tasks measure the inhibition (or de-inhibition) effect, whereas misleading 
tasks measure the interference effect. Hence, the Stroop and the Hayling tasks assess susceptibility to 
interference, while the Negative priming paradigm is considered to be a more direct measure of 
inhibition (or more precisely, desinhibition). Inhibition and interference are often considered to be 
synonyms and conclusions about the efficacy of inhibition are often drawn from amount of 
interference involved in a task. They are, however, different constructs: while inhibition refers to an 
active suppression process that keeps irrelevant information from entering and cluttering working 
memory; interference refers to susceptibility to distracting stimuli, leading to a decrease in 
performance without necessarily involving active suppression of processes or contents. According to 
Pascual-Leone among others, differences can be found at the quantitative level. In distracting tasks, an 
automatic interruption may be sufficient, for the irrelevant schemes that are activated do not interfere 
with the use of the task-relevant ones. In misleading tasks, effortful inhibition is required to actively 
inhibit interfering schemes because they compete with the task-relevant ones.  
 
                                                 
64 In other cases, the taxonomy of inhibition takes into account not only the cognitive aspects of inhibition, but also the emotional and motor 
aspects of this function (Nigg, 2000). Thus, Nigg (2000) tried to reconcile cognitive and personality approaches to inhibition, highlighting 
the possible similarities between different concepts and the interdependence between them.  
65 The definition reported of misleading and distracting tasks was made by de Ribaupierre (1998). 
66 To our knowledge this task has been most studied in neuropsychological studies with patients with frontal lobe lesions, schizophrenic 
patients (e.g., Burgess & Shallice, 1996a; 1997), and one study with ADHD children (Shallice, Marzocchi, Del Savio, Meuter, & Rumiati, 
2002). 





We will now examine the role of inhibition in reading comprehension, as inhibition is also said to 
account for developmental differences in cognition. 
 
3.VI. INHIBITION AND READING COMPREHENSION 
Gernsbacher’s theory of text comprehension considers inhibitory mechanisms as a central issue in 
explaining reading comprehension difficulties. Studies by Gernsbacher and collaborators have shown 
that less skilled comprehenders are less efficient in suppressing or rejecting incorrect forms of 
homophones and inappropriate word meanings, and also in revising inferences, as well as ignoring 
words and pictures (Gernsbacher & Faust, 1991; Gernsbacher et al., 1990). Gernsbacher et al. (1990), 
for example, presented sentences ending with homographs, such as “He dug with the spade”, or 
control sentences “ He dug with a shovel”, followed by an inappropriate word, ACE, in this case. 
Participants had to decide if the word was related to the previous sentence. Results indicated that when 
the target was presented after 50 ms, response times for rejecting the inappropriate word were slower 
for the homograph sentences than for the control for both skilled and less skilled comprehenders. After 
a 1000 ms delay, however, the interference from the irrelevant meaning remained only for less-skilled 
comprehenders. The authors argued that contrary to less-skilled comprehenders, skilled 
comprehenders inhibit the irrelevant meaning of the ambiguous word more efficiently due to more 
efficient suppression mechanisms (but see, McNamara & McDaniel, 2004).  
It is worth pointing out that most studies dealing with the role of inhibition in reading comprehension 
do not investigate directly their relationship, they examine the possible mediating role that inhibitory 
processes may play in the relationship between working memory and reading comprehension. As 
inhibitory mechanisms seem to be important for successful working memory performance, they are 
believed to play a crucial role in all the cognitive abilities that are related to it (Carretti et al., 2004). 
Reading comprehension impairment is thought to be related to poorer working memory performance 
because of insufficient inhibition of irrelevant information. Poor comprehenders have been shown to 
have inefficient inhibitory mechanisms (De Beni & Palladino, 2004; De Beni et al., 1998). Yet, little is 
know about the relationship between inhibitory mechanisms, as measured by inhibitory tasks, in 
reading comprehension.  
A measure that is often considered to be an expression of efficient/inefficient inhibitory mechanisms is 
the number of intrusion errors made in a working memory task (De Beni et al., 1998). Studies of 
individual differences between good and poor comprehenders yield interesting results on inhibition. 
De Beni and colleagues attribute the working memory deficit found in poor comprehenders to their 
inability to inhibit irrelevant information. It has been suggested that poor performance on working 
memory tasks is associated with an increased number of intrusion errors and that the probability that 
an irrelevant items will cause an error depends on its level of activation: the more items are activated 
(stressed intrusion), the more they are likely to be erroneously included in the set of items to be 





recalled (De Beni et al., 1998; Oberauer, 2001; Osaka, Nishizaki, Komori and Osaka, 2002). 
De Beni et al. (1998) found that poor comprehenders have a poorer working memory performance and 
recalled a higher number of words that have been excluded from working memory task. They created a 
working memory task in which participants had to listen to words and recall the final word of each list 
(recall task). Moreover, each time an animal word was presented, they had to tap their hand 
(processing task). Thus the authors hypothesized that animal words would be more activated in 
memory. They observed that, because of inefficient inhibitory mechanisms poor comprehenders 
committed more intrusion errors for animal word than good comprehenders (see also Carretti et al. 
2004). 
These results are also congruent with the hypothesis that low span participants (and, by analogy, poor 
comprehenders) are less able to suppress information that is no-longer relevant (e.g., Rosen & Engle, 
1997; Kane & Engle, 2000). Inhibition therefore seems to account for individual differences in 
working memory, and consequently in reading comprehension performance.  
De Beni and Palladino (2000) examined the role of suppression mechanisms in children (third 
graders), categorized as skilled and less skilled comprehenders. They observed that less skilled 
comprehenders had a lower working memory score in the Listening span test, and also produced a 
higher number of intrusions errors than skilled comprehenders. Moreover, this index of the efficacy of 
suppression information that was no longer relevant was a very good predictor of variance67 in reading 
comprehension one year later (fourth graders). In addition, the inhibitory impairment of less-skilled 
comprehenders was supported by a text recall task, in which less skilled comprehenders recalled more 
text irrelevant information and had a poorer memory for relevant information then skilled ones.  
A meta-analysis on 11 studies on poor and good comprehenders conducted by Carretti, Borella, De 
Beni and Cornoldi (2005) confirmed the role of intrusion errors in reading comprehension difficulty.  
Chiappe et al. (2000) analyzed the relationship between working memory, inhibition68 and reading 
disability. In order to assess the different inhibitory functions, they divided intrusion errors into three 
categories: the recall of words from the current trial, that did not belong to the target list (CNF); the 
recall of words that were not presented (E), and the recall of words from a previous list (P). Each of 
these errors represented respectively, the access (CNF), restraint (P), and deletion function (E)69 of 
inhibition. Disabled readers produced more intrusions errors than skilled readers, committing more 
CNF and E errors. However, no significant effect emerged for P errors. Deficits both in the access and 
restraint function of inhibition were found in the disabled readers, who were impaired in preventing 
irrelevant information from entering working memory. Moreover, these results show that the decline 
of working memory with age is not due to a diminished capacity, but rather to the failures of inhibitory 
control.  
                                                 
67 Intrusion errors explained the 43% of the variance in reading comprehension. 
68 Inhibition was measured in terms of intrusion errors committed in the Listening span test, that is to say the recall of words that were not 
part of the list target. 
69 P intrusions indicate proactive interference.  





These results are also congruent with those of Palladino, Cornoldi, De Beni, and Pazzaglia (2001), 
who suggest a distinction between intrusion errors that arise from items belonging to the list currently 
being processed (i.e. intrusion of items that are in the focus of attention), and intrusion of items 
belonging to previous lists (probably due to some proactive interference effect). Palladino et al. 
suggest that young participants with reading comprehension difficulties make more intrusions of the 
first kind, due to a specific impairment in managing information in working memory. 
Inhibition is not only considered to be a source of individual differences, as we have just seen, but also 
of age-related differences in reading comprehension according to both development and aging studies. 
Age-related changes in reading comprehension are, indeed, explained by an increase in the efficiency 
of inhibitory mechanisms in children, as well as their decline older adults. In these studies inhibition 
can, for the most part, be defined the ability to suppress irrelevant or distracting information within a 
given reading comprehension paradigm.   
 
 
VI.1. CHILDREN  
Kipp, Pope, and Digby (1998) examined the role of inhibition in reading comprehension in a sample 
of fifth and seventh graders, and young adults. Different passages of text, matched for reading level, 
which either contained or did not contained distracting material (distracting words printed in italics) 
that had to be read aloud, were presented. This material was either related, unrelated, or meaningless 
(string of “XX”) to the contents of the passage. The authors found that the tendency to read text 
distractors and to be disturbed by them decreased with age: fifth graders read more slowly and 
produced more intrusions than seventh graders, who read more slowly and produced more intrusions 
than young adults. Moreover readers in all age groups were more disturbed by meaningful distractors 
than by meaningless distractors70, and experienced similar comprehension problems. For children, 
even though all distractors slowed reading, this effect was more pronounced for the text with 
meaningful distractors; for adults, only meaningful distractors had an impact on reading speed. 
Results, thereby, showed a developmental change in the influence of the type of distractor on text 
content. Altogether these findings support an age-related increase in the ability to efficiently inhibit the 
activation, maintenance, and retrieval of irrelevant information that could, otherwise, hamper 
successful comprehension. Fifth graders’ comprehension was indeed impeded by the inability to 
inhibit distractors. 
The difficulty in inhibiting information that is no-longer irrelevant is also supported by studies using 
the garden path procedure in which information was inserted into text to mislead the reader by 
generating ideas that turned out to be wrong. Lorsbach, Katz and Cupak (1998) adopted the Hamm 
and Hasher procedure (1992) presenting a garden-path paradigm with text passages to a sample of 
                                                 
70 The difference in reading times between control texts and texts with related distractors was 80% for fifth graders, 48% for seventh, and 
46% for young adults. 





children of 9 and 12 year-olds and adults. Their results showed that both 3rd and even 6th graders had 
more difficulty than young adults abandoning an interpretation of the text, that had became irrelevant, 
or forgetting a previous misinterpretation. Children had a greater tendency to accept inferences that 
were no longer supported by the unexpected turn of events.  Children were unable (or less able than 
young adults) to both prevent competing inferences from entering working memory, and to delete 
them. A similar pattern of results was found using a garden-path paradigm with sentences (Lorsbach & 
Reimer, 1997). Lorsbach and Reimer observed that whereas 8 year-olds remembered only information 
that was no longer relevant, 12 year-olds remembered both irrelevant and relevant information, and 
adults retained only the relevant information. Both of these studies support the view that children’s 
ability to inhibit irrelevant information improves with cognitive development.  
 
VI.2. OLDER ADULTS 
Hamm and Hasher (1988) (see also Chapter 1) found that older adults are more likely than young 
adults to accept an incorrect inference if it is consistent with their original interpretation, even after it 
has been disproved by supplementary information. In the garden-path paradigm using stories, although 
older adults encoded the correct interpretation as well as young adults, they maintained their original 
incorrect interpretation. The authors interpreted these results as indicative of a reduction in the 
inhibitory efficacy that causes older adults to maintain more text interpretations in memory while 
reading a text, which impairs their comprehension, and reduces the speed and accuracy of retrieval. 
These findings support the hypothesis to suppress ideas that are no longer contextually relevant.  
Connelly, Hasher, & Zacks (1991) showed that older adults are less able to ignore irrelevant stimuli 
(such as distracting text printed in italics interspersed amid target text), and, as a result, read more 
slowly and showed poorer comprehension than younger adults. The effect of distraction continued 
even when the distracting text contained content that was semantically related to the target text.  
Using the same paradigm Salthouse et al. (2003)71 observed a significant negative correlation (r = .16) 
between the distracting cost (computed between the reading time and comprehension accuracy) and 
age. 
Carlson, Hasher, Connelly, and Zacks (1995) also found that when distractions (e.g., a phrase in a 
different font than the target text) were randomly placed within the text, it had marked disruptive 
effect on reading. This effect was particularly severe in older adults. 
Dywan and Murphy (1996) also reported similar results using distractors that, if read, could even alter 
the meaning of a passage, and its interpretation. The authors found that reading times and text 
comprehension were impaired in older adults by the presence of distractors. These results support the 
                                                 
71 Their study examined executive functions, nonetheless as they used the same tasks as Connely et al. (1991), we thought interesting to 
report the results.  





contention that in older adults the capacity to inhibit the processing of distracting information is 
deficient.  
Moreover, studies using the fan effect, found it to be larger in older adults than in young adults 
(Gerard, Zacks, Hasher, & Radvansky, 1991; Zacks & Hasher, 1994; Radvansky et al. 1996). 
Increasing the number of irrelevant propositions in the sentences made it difficult for older adults to 
retrieve information from the text base. For example, participants had to memorize a list of sentences. 
For each sentence, the subject and predicate held one to three associates. After memorizing, a speeded 
recognition test was given. A greater fan effect was found in older adults, as compared to young 
adults. This finding first suggests that associations compete during retrieval. Furthermore, it supports 
the assumption of an age-related increase in the difficulty to inhibit irrelevant, non-goal directed 
information. Finally, the results showed that the recall of a large number of less “memorable idea 
units” was related to the increase of propositional density, or to the presentation of less familiar text. 
Again, this finding was interpreted as a difficulty in inhibiting and identifying less important idea units 
(Wingfield & Stine-Morrow, 2000).  
 
3.VII. SUMMARY 
During the comprehension of a text, the reader must elaborate a large quantity of information that can 
either be important for comprehension, or for a secondary goal. In order to prevent the overburdening 
of memory capacity, a reader has to maintain the important information in memory, and put irrelevant 
information aside. Inefficient inhibitory mechanisms are supposed to be related to working memory, 
which in turn is involved in reading comprehension. Hence, it is hypothesized that inefficient 
suppression mechanisms overload the limited capacity of working memory during reading. Irrelevant 
information may damage the maintenance of relevant information and, thereby, its integration, as well 
as the comprehension and the memory of text. Such an inhibitory hypothesis is congruent with the 
general resource view, as suppression and inhibition processes require attentional resources. The 
inadequate suppression that produces low working memory performance could be due to insufficiency 
of attentional resources, that are required for inhibiting irrelevant information. Attentional resources 
do indeed explain age differences in reading comprehension. However, little is know about the 
relationship between inhibition and reading comprehension when inhibition is measured using 
attentional paradigms that are “dissociated” from the reading comprehension task. 








OBJECTIVES OF THE STUDY 
 
4.I. INTRODUCTION 
In the literature review presented in the theoretical section we have attempted to cover a panorama of 
constructs that explains cognitive development and cognitive aging, as well as their role in reading 
comprehension. 
We think that cognitive development and aging can be accounted for by the interaction of a limited 
number of constructs or processing resources, which can explain reading comprehension performance 
across the lifespan. The constructs accounting for age differences in reading comprehension do appear 
to be the same in both children and older adults.  
The reading comprehension models presented in Chapter 1 consider processing capacity to be crucial 
to comprehension processes: the ability to maintain and manipulate text information permits its 
integration, and the construction of a coherent representation in reader mind (Kintsch, 1988; Just & 
Carpenter, 1992). Moreover, according to Gernsbacher (Gernsbacher et al. 1990), efficient suppression 
mechanisms are also critical for successful comprehension, as they decrease the activation of all 
information that is irrelevant to the representation that is being built. These models suggest that both 
activation and inhibition participate in the construction of a global and coherent representation of the 
text.  
The capacity to draw inferences is particularly important in the comprehension processes, as it allows 
the reader to make connections between information that is not explicitly stated, and the information in 
the text (van Dijk & Kintsch, 1983), thereby enriching text comprehension.  
Studies on children with comprehension difficulties have shown that poor comprehenders have also 
difficulties drawing inferences, and consider that the ability to drawn inferences is determinant for 
reading comprehension (e.g., Cain & Oakhill, 1999). 
Reading comprehension problems in older adults are also considered the consequence of a difficulty or 
a deficiency in the capacity to draw inferences (Zacks & Hasher, 1989; Cohen, 1979; Hamm & 
Hasher, 1992). However, in the field of cognitive aging results concerning the maintenance or decline 
of reading comprehension skills are quite controversial, as some researchers have found that 
inferential abilities are preserved in older adults, while the ability to recall of details is not (Meyer & 
Rice, 1986).  
It can be said that in general, it is not clear whether or not reading comprehension abilities remain 
intact with aging. Incongruent results in this area make the idea that reading comprehension is the 
result of an interaction between the reader, with his/her background knowledge, and the text, much 





clearer (Meyer, 1983). Whether or not study results indicate the preservation of reading 
comprehension abilities with aging depends on the type of text (narrative vs expository), and the 
difficulty of the presented text (depth of processing required), as well as the “characteristics” of the 
reader (e.g., Meyer & Rice, 1983). In older adults with low verbal abilities (Hultsch & Dixon, 1989), 
who are instructed to read long texts, with complex syntactic structures that highly tax working 
memory capacity (Kemper et al., 2004), and recall what they have read, reading comprehension is 
poorer.  
On the other hand, several studies have demonstrated certain similarities between comprehension 
abilities of young and older adults, as both a) take advantage of self-paced reading comprehension 
situations (Meyer & Rice, 1981); b) similarly judge the importance of text information (Petros et al., 
1989); c) recall the main ideas of the text (Meyer & Rice, 1981), and the same text units (Zelinski et 
al. 1980; Mandel & Johnson, 1984); d) are similarly affected by text organization (Light, 1990); e) are 
able to update their situation models.  
Moreover, in all the reading comprehension situations in which text comprehension, in the strictest 
sense of the term, is required rather than text memory, the performance of young and older adults is 
similar. Some studies have even shown that older adults level of comprehension is adequate for 
everyday life living (De Beni, in press). It can therefore be said that aging does not engender 
comprehension deficits as serious as we would expect following a superficial look at the literature. 
The studies carried out by Radvansky and colleagues (2003; 2001; 1996), as well as the lifespan study 
by Adams (1991) suggest that comprehension abilities are not poorer with age, instead the reader’s 
aptitude towards the text changes: older adults give the priority to the situational model, and not to the 
textbase level as young adults do. Nonetheless, the literature shows a clear decline in reading 
comprehension in old-old adults (e.g., De Beni et al., in press; De Beni, et al., 2003) regardless of the 
type of text and the characteristics of the reader.  
In Chapter 2 the importance of the development of working memory capacity, considered to be a 
source of age-related differences in reading comprehension was presented. Aside from a few 
exceptions, the literature shows that there is no doubt about  the role of working memory in age 
differences in reading comprehension (in children: e.g., Siegel, 1994; Siegel & Ryan, 1988; Swanson, 
1992, 1993; Swanson & Alexander, 1997; Swanson & Ashbacker, 2000; Cain et al., 2000, 2004; Engle 
et al., 1991; Gathercole & Baddeley, 1993) (in older adults: e.g., Kemper, 1992; Van der Linden, et al., 
1999; Hultsch & Dixon, 1984; Pratt et al., 1989; Ehrlich et al., 1994; De Beni et al., 2003; De Beni et 
al., in press; DeDe et al., 2004; but see, Hartley, 1986; Brebion, 2003). High span participants, for 
example, outperformed low span participants in the comprehension of difficult sentences (King & Just, 
1991), in the creation of elaborative inferences (Whitney et al., 1991), in the maintenance and 
activation of global information during reading (Whitney et al., 1991), and in resolving syntactic 
ambiguity (Just & Carpenter, 1992; MacDonald, Just, & Carpenter, 1992). To the same extent poor 





comprehenders perform poorly on working memory tasks than good comprehenders (e.g., Pazzaglia et 
al., 1999; Smith et al., 1989; Caccio et al., 1996; Siegel, 1994; Yuill et al., 1989).  
Poor working memory performance leads to poor reading comprehension performance because the 
reader is not “able” to temporarily maintain the task related goal in memory, and to easily access text 
information in order to build the representation of text. The more text contains complex syntactic 
structures that affect working memory, the more reading comprehension in older adults is negatively 
affected (Kemper, 1987; Stine et al., 1990; Waters & Caplan, 2001). Nonetheless, some studies 
comparing young and older adults have shown that although working memory in older adults does 
decrease, reading comprehension does not (Ehrlich et al., 1994; De Beni et al., 2003, in press). 
In spite of different views of working memory, with the Baddeley’s model stressing the architecture of 
working memory, and others emphasizing its general-purpose capacity (Neo-Piagetians, and Engle 
models), there is a consensus that changes in working memory capacity account for age differences 
over the lifespan (e.g., Siegel, 1994; Park et al., 2000; de Ribaupierre et al., 1998; Morra et al., 2001; 
Pascual-Leone, 1983; Gathercole et al., 2004; Jenkins, et al., 1999). Indeed, de Ribaupierre and 
Bailleux (1994) consider that working memory is a causal factor in cognitive development: it increases 
in childhood and decreases with age. It can be said that in spite of differences in working memory 
models or theories, the attentional component of working memory, and its limited capacity in 
maintaining temporary representations in an easily retrieval state, is not questioned (see Miyake & 
Shah, 1999).  
In Chapter 3, we reviewed the literature about another important construct that is involved in reading 
comprehension: inhibition. If the reader is not able to maintain the goal of the task, when confronted 
with interference or off-goal information, comprehension may be compromised. In order to overload 
the limited working memory capacity, the reader must prevent irrelevant information from entering 
working memory, or deactivate contextual information that is no longer relevant. Poor comprehenders 
are less efficient at suppressing the incorrect form of homophones (Gernsbacher et al., 1990), and 
commit more intrusion errors (children: De Beni et al., 1998; Carretti, et al., 2004; Palladino, et al., 
2001; Chiappe et al., 2001) than good comprehenders. Older adults are less capable of ignoring 
irrelevant stimuli, like distracting information presented in the text (Connelly et al., 1991; Carlson et 
al., 1995), and to suppress interpretations later proven to be incorrect (Hamm & Hasher, 1992) because 
of inefficient inhibitory processes. They also have a larger fan effect (e.g., Gerard et al., 1991; 
Radvansky et al., 1996). 
Moreover, the role of inhibition is central to this thesis because it is considered to be a mediator of 
age-sensitive influences on cognitive changes, both in childhood and in late adulthood (Bjorklund & 
Harnishfeger, 1995; Harnishfeger, 1995; Hasher & Zacks, 1979, 1988).  
Inhibition is presented as an alternative to the working memory hypothesis, and is seen as accounting 
for age differences in cognition. Moreover, it is considered to be an active suppression mechanism 





(Bjork, 1989). Nonetheless, there is little evidence about the general and unitary nature of inhibition in 
both children and older adults. Not only age differences in inhibitory tasks in children (Simone and 
McCormick, 1999; Johnson et al., 2004) and in older adults (e.g., Gamboz et al., 2002; Borella et al., 
2000; de Ribaupierre & Lecerf, in press) are not well assessed, but the studies that present different 
measures of inhibition find no significant inter-task correlations (de Ribaupierre et al., 1997; Johnson 
et al., 2003; Kramer et al., 1994; Rabbitt et al., 2001; Salthouse & Meinz, 1995; Shilling et al., 2002). 
Therefore the dimensionality of inhibition needs to be examined (see de Ribaupierre, 2001).  
It is, however, important to highlight that both working memory capacity and inhibition are directly 
related to controlled processing, or controlled attention, as suggested by Pascual-Leone (1983) and 
Engle (2002). Indeed, both the activation of relevant information and the suppression of those schemas 
that are not in the focus of attention, permit better management of attentional resources (Pascual-
Leone, 1987).  
Using a lifespan perspective, we will try to assess the interaction between these general factors and 
reading comprehension.  
 
4.II. AIMS 
The first and main purpose of this study was developmental, to examine age-related differences in 
reading comprehension, working memory and inhibition in children, young, and older adults72. 
If working memory capacity and inhibition play a crucial role in reading comprehension, the question 
is whether or not they account for age differences in reading comprehension in children or older adults 
to the same extent. As de Ribaupierre (2001) stated “even though the changes with advancing age are 
not fully a mirror of what happens in childhood, the same processes could be at play, while their 
respective weight and interplay may vary”. This may apply to the cognitive processes involved in 
reading comprehension abilities in a lifespan perspective. 
Therefore this thesis attempted to isolate age-related differences in the efficiency of cognitive 
constructs, like working memory and inhibition, hypothesized to be important for reading 
comprehension, rather than describe a comprehension model in detail by including as many predictors 
as possible. Working memory and inhibition are not only supposed to be involved in intricate reading 
comprehension activities, but they are assumed to account also for age differences in cognition.  
A second objective was correlational, and consists of adopting a multivariate perspective in studying 
jointly the influence of working memory, and inhibition, assumed as being involved in reading 
comprehension, such as on reading comprehension skills. Research that has assessed the extent to 
which age differences in working memory capacity or inhibitory efficacy mediate variance in reading 
                                                 
72 As it was not possible to study age in a continuous manner, the present study was limited to a comparison: 1) within 10- to-12-year-olds; 
2) children and young adults; 3) young adults and older adults. Young adults were split in two equivalent groups to be compared to children 
and older adults. Thus the focus was not placed on the comparison between children and older adults. 





comprehension use, for the most part, single indicators of working memory or inhibition. Studies on 
individual differences in reading comprehension, comparing for example good and poor 
comprehenders, in samples of children or young adults have found that people with reading 
comprehension difficulties have problems in working memory tasks, and have less efficient inhibition 
mechanisms. As aging is characterized by a decline on working memory and inhibition mechanisms, 
De Beni et al. (2003) hazard a comparison between poor comprehenders and elderly readers for 
reading comprehension performance. Inhibition is often measured with a single indicator (such as 
intrusion errors in the working memory task), or by means of a single inhibitory task. In some studies, 
inhibition measures were also recorded during the reading comprehension task and they referred to the 
ability to inhibit distracting or irrelevant information included in the text itself (Hamm & Hasher, 
1992; Connelly, et al. 1991; Carlson et al., 1995). However, little is known about the efficacy of 
inhibitory processes in individual differences, or age-related differences in reading comprehension 
when more independent inhibition measures are used.  
Additionally, as the paradigms used to study the relationship between reading comprehension and 
cognition varies from study to study, interpreting the role of the underlying processes involved in text 
comprehension is quite difficult. Is working memory capacity, or inhibitory efficiency more important 
in explaining both age-related and individual differences in reading comprehension?  
The few studies that have used different tasks of working memory and inhibition tasks have found 
different results. Some studies suggest that working memory is the crucial factor for explaining age-
related differences in reading comprehension between young and older adults (Van der Linden et al., 
1999); while others designate processing speed and inhibitory efficacy as crucial, but not working 
memory (Kwong-See & Ryan, 1995). Few studies have administered both working memory and 
inhibitory tasks to children to study the development of reading comprehension abilities, therefore 
little is known.  
A third objective of this study was experimental in nature, and consisted in dissociating reading 
comprehension from memory for text. It is worth noting that most of the studies showing impaired 
performance in the older adults measured reading comprehension in terms of the ability to memorize 
and recall information stated in the text. Thus, a possible explanation for the age-related decline in 
reading comprehension in elderly is that requirements of reading comprehension task, based almost 
entirely on learning skills, are not relevant to their every-day lives (Hultsch & Pentz, 1980). In 
contrast, the higher level of comprehension accuracy found in young adults (generally students), 
compared to the elderly, may be due to their familiarity with tasks requiring the memorization of 
information, regardless of its relevance (Schaie, 1978).  
In order to better understand the development, in the broadest sense of the term, in the perspective of 
the reading comprehension skills over lifespan, a new task was devised (a detailed description is 
presented in the material section). The modality of text presentation was manipulated to dissociate 





reading comprehension per se from memory for text: in the first condition, after reading the text the 
reader could look back at it while answering questions. In the second condition, this was not permitted. 
While the comprehension condition mirrors real-life reading comprehension because if the reader has 
not understood the text, he/she goes back to it, the second condition evaluates the role of memory load 
in reading comprehension. Although reading comprehension and text recall call upon a common set of 
basic processes, the requirement of memory for text entails some additional processes (e.g. working 
memory, inhibition).  
This study also aimed at examining the differences between details and inferences, comparing the 
recall of details and production of inferences. Little is known about the different impact that recall 
of a detail, or production of an inference, has on reading comprehension. Of course the production of 
an inference is crucial to build a coherent and integrated representation, and understand a text. 
Nevertheless, recall of the details can also have a fundamental role in reading activities. Just thinking 
about the consequences of not understanding the instructions for taking medicine make the importance 
of details in the reading comprehension clear. Not only it is interesting to test whether the recall of 
detail and inference drawing increases throughout childhood, and declines with age in a similar way, 
but also whether, they are predicted by the same cognitive mechanisms. The study of the underlying 
mechanisms of detail recall and inference generation will perhaps open new perspectives in the 
understanding of reading comprehension abilities in children and older adults. If developmental 
literature focuses on the role of inferences in reading comprehension, (see for example Oakhill and 
colleagues) very little is known about recall detail. Are there developmental changes in the recall of 
detail in 10 to 12 year-old children? In the literature on aging it is not very clear whether elderly 
participants are more impaired in the recall of detail, or in the production of inferences. If some studies 
do show a decline in the production of inferences between young and older adults, others studies 
indicate that the ability to draw inferences is not affected by age contrary to the recall of detail. In any 
case, the majority of research into the role of inference, and detail recall evaluate reading 
comprehension in terms of memory for text, and not comprehension per se. Results in this area are 
contrasting and few studies have been carried out using tasks that reflected real-life situations. 
Therefore, in our experimental reading comprehension task, detail recall and inferential questions were 
presented in each text presentation condition.  
Therefore, both a developmental approach and a multivariate design were adopted to help us better 
understand the relationship between reading comprehension, defined both as the recall of detail and 
production of inference in text comprehension and memory for text, working memory, inhibition and 
age. The same tasks were, therefore, presented to the same participants. The advantage of a within 
subject design is that it will allows us, on one hand, to trace these changes according to age using the 
different paradigms, thereby making it possible to compare changes across paradigms. On the other 





hand, it allows us to test the dimensionality of the paradigms used (e.g., to identify between-task 
correlations that are stronger in older participants, but not in young).  
A developmental approach and a multivariate design will allow us to investigate:  
- if reading comprehension is influenced by the same underlying factors (working memory, inhibition) 
or if the role of the supposed constructs implied in reading comprehension change depending on the 
age range studied; 
- if working memory and inhibition have the same impact throughout the lifespan;   
- differences across the lifespan in reading comprehension when the comprehension and the memory 
for text are dissociated;  
- age-related differences in recall of detail and inference generation, in the comprehension for text and 
memory for text from childhood to late adulthood;  
- if the dimensionality of inhibition as assessed by different tasks (Stroop Color Task, Negative 
Priming Test, Hayling Test, and Directed Forgetting test), is the same in children, young and older 
adults. 
Concerning the last question, as little empirical evidence has been reported that supports inhibition as 
a unitary construct, it can be envisaged in terms of different specific mechanisms, in which case the 
inhibitory tasks presented may be affected differently by age-related changes. Moreover, these 
inhibitory tasks could differently predict reading comprehension depending on the type of question 
presented (detail vs inference) and the type of comprehension required (comprehension per se vs 
memory for text). This last supplementary objective was tackled because this thesis was supported by 
the Fonds National Suisse de la Recherche Scientifique – Swiss National Research Foundation, SNF- 
(grant 1114-52565.97) as part of a SNF research73 project directed by Prof. A. de Ribaupierre. The 
main objective of the SNF study was to assess the dimensionality of cognitive inhibition across the 
lifespan (see de Ribaupierre et al., 2004). 
In order to study the relationship between reading comprehension, working memory and inhibition, an 
experimental reading comprehension task, two working memory tasks, and three inhibitory tasks (two 
misleading and one distracting) were administered. Control tasks were, moreover, used to take a direct 
and indirect measure of the cognitive status of our participants. 
The choice of the working memory, inhibition, and control tasks was determined within the tasks used 
for the SNF study which included two working memory tasks: a French adaptation of the Daneman 
and Carpenter (1980) Reading Span Test, and a Matrices task (Loisy & Roulin, 1992). Both working 
memory tasks used for the SNF study were included in this study because, in our view working 
memory is relatively domain free and serves essentially to hold and process attentionally information 
(de Ribaupierre, 2000), and also to have multiple measures of working memory capacity because of 
                                                 
73 Dimensionality of cognitive inhibition across the lifespan (SNF, n° 1114-52565.97). 





the study’s multivariate design. The presentation of the Reading Span Test will also make it possible 
to test whether the relationship between the working memory and reading comprehension measures 
presented are the same as those found in the literature.  
Among the several inhibition/interference74 tasks used for the SNF study, we selected those in which 
the irrelevant information to be inhibited had previously been highly activated, the Stroop Color task 
(adapted from Stroop, 1935; Schooler, Neuman, Caplan & Roberts, 1997), the Negative Priming task 
(embedded in the Stroop Color Test), the Hayling task (adapted from Burgess & Schallice, 1996), and 
the Directed Forgetting Test with the blocked cueing procedure (adapted from Harnishfeger & Pope, 
1996). The inhibitory tasks may also solicit at different levels, the linguistic processes that are 
involved in reading comprehension. Indeed, both the Directed forgetting and the Hayling tests may 
share processes that are supposed to operate in reading comprehension, in spite of measuring different 
inhibitory functions, as both tasks require verbal encoding.  
In the Directed Forgetting task, for example, participants are required to suppress information at 
specific points in time (the intra-list cue); information that was relevant becomes irrelevant to the goal 
of the task. Likewise, while text reading, the reader must gradually encode text information (from 
sentence to sentence, paragraph to paragraph…), and suppress the text information that may have been 
important earlier in the construction of the text representation.  
The Hayling test is a sentence completion task. Participants have to generate unexpected endings to 
high-clozed sentences. Given the construction of the sentence, the expected ending has to be inhibited. 
It resembles reading comprehension, because the reader must be able to suppress a dominant idea or 
interpretation, if it becomes incorrect. 
In contrast, even though they solicit a verbal response, the Stroop Color and the Negative Priming 
tasks share few processes with reading comprehension. These tasks can, nevertheless, inform us about 
the role of inhibition in reading comprehension because if prepotent but misleading information, or 
information that was relevant and becomes irrelevant (Negative Priming), is maintained in the text-
based representation, comprehension ability may be poorer.  Moreover, the Stroop Color, the Negative 
Priming and the Directed Forgetting paradigms are those that were used the most frequently with 
respect to the few studies that have investigated the role of inhibition in reading comprehension in 
young and older adults (Van der Linden et al., 1999; Kwong-See & Ryan, 1995). 
The use of such different inhibitory tasks, in our opinion, may lead to a new prospective understanding 
of reading comprehension processes. 
 
 
                                                 
74 In the SNF, to assess whether age differences vary as a function of the amount of activation of irrelevant information, the saliency of the 
irrelevant information (strong vs weak level of activation) was manipulated in each of the inhibition/interference tasks. Thus two different 
versions were built. In the present work only the highly activated versions of the above mentioned tasks were used to insure that the 
irrelevant information has been processed. 





4.III. GENERAL HYPOTHESES 
Since this research focuses on a lifespan perspective, we will formulate general hypotheses concerning 
age-related differences in the constructs of interest due to development (children vs young adults) and 
cognitive aging (older adults vs young adults)75. In general, an increase in 10 to 12 year-old children, 
and a decrease in older adults is expected in working memory capacity, and efficiency in cognitive 
inhibition. The growth in functional working memory is the result of the increase in working memory 
capacity (Case et al., 1982). Similarly, the resources available for individuals for the storage and 
processing of information diminish with age. The improvement in the cognitive inhibitory abilities due 
to development and their decline with age are considered to contribute to explaining developmental 
change in cognitive performance. One of the cognitive abilities that require both working memory and 
inhibitory function is reading comprehension. Reading comprehension skills should also be subjected 
to developmental changes.  
At the same time, we also hypothesize that comprehension skills are maintained when comprehension 
of the text, rather than memory for text is required. This hypothesis is supported by Baltes and 
Mayer’s (1999) findings. According to Baltes, reading comprehension skills, which are part of the so-
called pragmatic abilities, are maintained in the third age (young-old adults), whereas in the fourth age 
(adults over age 75) a pronounced general decline is assumed to begin (Baltes, 1997; Baltes & Mayer, 
1999; Baltes & Smith, 2003). According to the Selective Optimization with Compensation model 
(SOC model, Baltes, 1997), the maintenance of pragmatic abilities in the third age -young-old adults- 
may compensate for the loss of general resources or process abilities (Salthouse, 1991). On the other 
hand, Baltes and his colleagues contend that the decline in pragmatic abilities is precipitous in the 
fourth age, which may contribute to overall cognitive decline as the compensatory balance is 
disrupted.  
The cognitive performances under study should therefore increase in efficacy, in terms of the quantity 
of resources available, in older children (12 year-olds) but not in younger ones (10 year-olds). 
However, because of the restricted age range in the children population selected, we do not expect to 
find large age differences. We decided to restrict the child sample from 10 to 12-year-olds because at 
age 10, reading skills are supposed to be “automatized”.  
The performance of children should however be clearly inferior to that of young adults. Moreover, we 
expect to find a general decline in the performance of older adults compared to that of young adults. 
As very little is known about cognitive changes in the fourth age the sample of older adults was split in 
young-old (third age) and old-old (fourth age). Elderly adults are often considered to be a 
homogeneous group, and the distinction between young-old and old-old will probably clarify the 
impact of aging on the constructs of interest.  
 
                                                 
75 Specific hypotheses for the tasks used will be presented in Chapter 5. 





Results should show clear age effects in all the tasks measuring working memory, inhibition and 
processing speed, when comparing children or older adults to young adults. Age differences between 
young and young-old, but not old-old, should be less prominent or even non significant for skills 
associated with pragmatic intelligence, such as vocabulary or reading comprehension. 
Finally, the interaction Age by experimental Condition is expected for all the tasks: the experimental 
condition could exert a larger effect for children and older adults than for young ones. 
 
III.1.1. SUMMARY OF GENERAL HYPOTHESES 
General hypotheses are graphically displayed in Table 1 and Table 2.  
In order to avoid repeating our developmental hypotheses only brief comments on the two tables will 
be given. The two tables show an increase from childhood to young adulthood of all constructs of 
interests, and a decrease with aging. It is important to note that the general age-related decline, which 
is expected, concerns principally very late adulthood (old-old adults). Indeed for young-old adults, 
pragmatic abilities like reading comprehension, conceived as comprehension per se, and vocabulary 
abilities should not be poorer relative to young adults. Moreover, it must be noted that the 
developmental changes from childhood to young adulthood are assumed to be more accentuated, more 
rapid that the age-related decline with age in cognitive functioning (see de Ribaupierre, 2001). In 
contrast, the decline in inhibitory functioning (in this illustration the distinction between misleading 
and distracting task was not introduced) is supposed to be less accentuated than the decline of working 
memory or processing speed in agreement with literature (de Ribaupierre et al., 1997).  






Table 1. General hypotheses for the constructs of interest: reading comprehension, working 
memory and inhibition. 
 Reading comprehension Memory for text Working memory Inhibition 
 


















Table 2. General hypotheses for the control tasks (vocabulary, logical reasoning, reading speed, 
and processing speed). 
 Vocabulary Reasoning (Raven) Reading speed Processing speed 
 































4.IV. MULTIVARIATE APPROACH 
To examine the interrelationships between reading comprehension, working memory and inhibition in 
a lifespan perspective, multivariate analyses will be conducted. It is largely assumed that working 
memory and inhibition play a crucial role in reading comprehension; however, only a small number of 
studies tested the possible link between the above-mentioned constructs conjunctively.  
With respect to development in children, studies focused either on the role of working memory or on 
that of inhibition as important in reading comprehension. However, to our knowledge none was 
interested in the relation between both working memory and inhibition in text comprehension. 
In the cognitive aging-field, two studies (Kwong See & Ryan, 1995; Van der Linden et al., 1999) have 
operationalized the possible relation between age, working memory, inhibition and reading 
comprehension using Structural Equations Modeling (SEM) (Van der Linden et al., 1999)76 or 
hierarchical regression analyses (Kwong-See & Ryan, 1995). In addition, the Kwong-See and Ryan’s 
research is the only one that also included, beyond working memory and inhibition indicators, 
processing speed measures. Note, however, that in both these studies inhibition was considered as a 
global factor. Thus, little is known about the role that the different inhibitory processes might play on a 
same reading comprehension task.  
A very recent study of DeDe et al. (2004), using SEM, also focused on the interrelationship between 
age, working memory and several measures of reading comprehension, but no measure of inhibition or 
processing speed was included.  
Thus, considering simultaneously working memory and inhibition as accounting for age differences in 
reading comprehension is one of the original contributions of the present study.  
Of course SEM analyses should be run only if inter-task correlations are high. In the case of weak 
correlations, regression analyses should be conducted.  
The main objective with SEM or multivariate analyses is to assess whether age, working memory 
capacity, and different inhibitory processes could account for the age-related variance in the 
comprehension for text and in the memory for text (if two separate factors could be constructed).  
Referring to literature data, and the SEM models presented by de Ribaupierre (e.g., 2001) it might be 
that, because of the lack of reliability for the inhibition/interference construct, the latent variable 
inhibition/interference would be difficult to be maintained (see also Park et al., 1996).  
Because of the important role of working memory in reading comprehension and due to contribution 
of inhibition and processing speed in explaining age-related changes in working memory capacity, we 
first assessed whether age, inhibitory processes as well as processing speed could account for the age-
related variance in the working memory capacity (Figure 1). We then tested theoretical causal 
relationships between working memory, inhibitory processes, processing speed with both the 
                                                 
76 It is important to note that we refer only to studies on reading comprehension, and not to those concerning language processing (verbal 
fluency, vocabulary…) 





comprehension and the memory for text (Figure 2). As can be seen in the proposed models, we defined 
several latent variables for inhibition, to test the hypothesis of several inhibitory functions rather than 
considering it as a general mechanism. 
We expected a different contribution of working memory in explaining age-related variance in the 
comprehension for text and in memory for text. Working memory, conceived as a general processing 
resource, could, indeed, be more important in a more cognitively demanding situation such as memory 
for text.  
Because of the similarity of hypotheses proposed in the literature concerning processes that account 
for age changes in cognition during childhood and in older adulthood, we made the hypothesis that a 
same model could fit data of children when compared to young adults77, and of older adults when 
compared to young ones. Nonetheless, we expected differences in the parameters. Indeed we assumed 
that the same processes operate across the lifespan, but they can have different weights depending on 
the age range considered.  
For the two age samples 78 models, the comprehension for text and the memory for text are assumed to 
be influenced indirectly by processing speed and inhibition/interference, and directly by working 
memory. The effect of age on the reading comprehension latent variables would be, therefore, 
completely mediated by working memory. Indeed, working memory capacity is considered as an index 
of general cognitive resources that account for more general cognitive changes in complex cognition. 
Several models will be tested to verify our hypotheses (see Chapter 7).  
                                                 
77-78 The children vs young adults will be referred to as the young sample, and the young adults vs older adults as to the adult sample.  
 







Figure 1. Hypothetical influence of various mechanisms with age. 
 
Figure 2. Theoretical model between reading comprehension, devised as comprehension and memory 
for test, working memory, inhibition, processing speed and age. 
 
In the case SEM models could not be run, it was decided that correlation and hierarchical regression 
analyses would be used, to assess the relationship between reading comprehension (comprehension 























METHOD AND HYPOTHESES  
 
5.I. PARTICIPANTS 
Of the 271 participants in this study, 94 were young adults (18-35 years of age), 117 were older adults  
(60-88 year of age), and 60 were children (aged 10-12 years).  
Participants who were more than 60 years of age but younger than 71 composed the young-old group 
(n = 62) and those 71 and older composed the old-old group (n = 55). Children were divided into three 
age groups according to their age: one group included 10-year-old children (n = 18), the other 
included 11-year-old children (n = 18), and the last included 12-year-old children (n = 24). The young 
adults sample was further subdivided into two equivalent groups79 (labeled young A and young B, 
respectively), each composed of 47 young adults, to solve expected non-linear age effect. Children80 
were compared with the young A group, and older adults with the young B group. Figure 3 gives the 
age distribution. 
Young adults were undergraduates students in the Faculty of Psychology and Educational Sciences at 
the University of Geneva (Switzerland) who received partial course credit for participating. Older 
adult participants were volunteers recruited from the community, either from the University of the 
Third Age of Geneva, or through newspaper and association advertisements for pensioners. Older 
participants were reimbursed for transportation costs to the laboratory. Regarding health and physical 
conditions, all participants were in good health81. Older participants were active in the cultural and 
social activities of the neighborhood. 
Children were recruited from an urban primary school in Geneva, according to the authorization given 
by the Geneva Board of Education. Children came from the 4th, 5th and 6th Grades. The sample of 
children was selected according to their age (+/- 3 months from their birthday), grade (normal age for 
grade) and gender, as well as socio-economic status of their parents (or the legal respondent). As the 
experiments with children took place in a single primary school, the above aspects were controlled in 
order to obtain a representative sample of the Geneva Primary school population (see Appendix A.1).  
Participants were screened for fluency in French, and only participants who spoke French as their first 
language or those who had been in a French education setting for more than 3 years were included.  
Participants, who had missing data for more than two tasks, were not included in the analysis (1 young 
adult).  
                                                 
79 See Appendix A.3. 
80 All the children (N = 60; mean age = 11;21; SD = .83), without distinguishing for their age -10, 11, 12 year-olds- were compared to young 
A performances, because of the reduced number of children by age group.  
81 Results on control variables (see Appendix A.4., Control task section) confirmed about the absence of a pathological profile of elderly 
participants. 






As it was not possible to study age in a continuous manner, the present study was limited to a 
comparison: 1) within 10- to-12-year-olds; 2) children and young adults (A); 3) young adults (B) and 
older adults (young-old and old-old) (see Table 4). Young adults were split in sub-groups (A and B) to 
conduct statistical analyses with children, on the one hand, and with older adults, on the other hand 
(see Table 4). Thus the focus was not placed on the comparison between children and older adults, 
respectively. Descriptive statistics for the demographic variables of the population considered are 
provided in Table 3. In Figure 3, age distribution is presented for the children sample, young (on the 
left side young A and on the right side young B), young-old and old-old.  
Table 3. Demographic variables in the population: Descriptive statistics by age 
group. 
  Gender82  Age  Education  Mill-Hill 
part B 
 
 N Female Male M SD M SD M SD 
Children 60 50 50 11.21 .82     
   10-year-olds 18 61 39 10.13 .006     
   11-year-olds 18 45 55 11.12 .15     
   12-year-olds 24 46 54 12.09 .15     
Young adults 94 84 16 23.27 3.82 15.96 1.31 36.28 3.08 
   Young-adults A 47 83 17 23.68 3.78 15.72 1.47 36.38 2.82 
   Young-adults B 47 85 15 23.19 3.53 16.21 1.10 36.19 3.35 
Older adults 117 69 31 7.60 5.94 13.64 3.31 39.53 3.28 
   Young-old 62 74 26 65.90 2.99 13.83 3.39 39.54 3.44 






Table 4. Grouping of the various age groups in the statistical analyses. 
                                                 
82 Values represent percentages 












Figure 3. Age distribution for children (10- to-12-year-olds), young (Young A and B) and older adults 




In terms of educational level, age83 differences comparing young adults -young B- and older 
participants, were significant, F(2, 161) = 11.48, p < .001, ηp2 = .12. Post-hoc comparisons using 
Dunnett’s T3 revealed that the mean difference between the young and the young-old was significant 
(Mdiff = 2.16, p < .001), as was the difference between the young and the old-old (Mdiff = 2.58, p < 
.001). Young adults had a higher educational level than the young-old and old-old, although the latter 
two did not differ (Mdiff = .42, p = .87). 
Mill-Hill84 (Part B) Vocabulary Test age differences were significant, F(2, 161) = 12.47, p < .001, ηp2 
= .13. Post-hoc comparisons using Tukey’s revealed significant age differences favoring the young-old 
and old-old. The mean difference for the young-old and young was significant (Mdiff = 2.78, p < 
.001), as was the difference for the old-old and the young (Mdiff = 2.65, p < .001). This result 
indicated that older adults have a higher performance on vocabulary than young adults. This pattern is 
consistent with the literature demonstrating an age-related maintenance of crystallized abilities.  
                                                 
83 The analyses did not include children, for obvious reasons. 
84 The reliability of this test, calculated between the even and odd items with the Spearman-Brown correction, was of .69. 
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5.II. GENERAL PROCEDURE 
As it was mentioned, the present study was part of a Fond National de la Recherche Suisse study 
(Swiss National Research Foundation -SNF), through which part of the data of young and older 
participants presented were collected. More precisely, once adults (young and older) completed tasks 
of the SNF study (see Tables 5 and 6), they were asked to take part to an additional session focusing 
on reading comprehension skills. Twenty-three percent of the young participants, and 31 % of the 
elderly ones were part of the SNF sample: to those participants, who accepted voluntarily to take part 
to the additional experimental session, the majority of the tasks (working memory, inhibitory, 
processing speed, and control tasks) were administered within the SNF study (see Tables 5 and 6). The 
remaining of the sample was recruited independently, and was given the whole battery. Testing took 
place at the Faculty of Psychology and Educational Sciences.  
Children where tested independently of the SNF study, and, in accordance with the Geneva Board of 
Education, in the “Crêts de Champel” Primary School. According to the Geneva school legislation and 
to the ethical code of the Faculty of Psychology and Educational Sciences, two experimenters working 
together examined the children.  
After participants listened to general information about the study (adults also provided informed 
written consent), they were asked basic demographic information. 
Tests were administered during five testing sessions of 90 minutes each for adults, and seven of 40 
minutes85 sessions each for children, with at least one-week interval between sessions.  
Participants were tested individually in a quiet room (a laboratory for adults and dedicated class room 
for the children). At the beginning of the first session, questions on education, language and health 
were asked. A visual control task, consisting in the naming of colored squares and words written with 
different fonts, was administered to insure that the participant could identify and read all the stimuli 
presented in the various tasks administered. 
The task order strictly followed the one used in the SNF study to obtain a standardized procedure (see 
Table 5). All the tasks considered in the present study are detailed in the following sections and 
presented in Table 6. The reading comprehension tests specific for the present work, namely the 
Nelson-Denny tests -for adults-, the Orlec (L4) -for children-, the Experimental Reading 
Comprehension tasks, and the Reading Speed task, were presented in the last experimental session. 
For children, in the first session, two additional tasks, a word decoding task and a word Identification 
task, were also presented in order to check for reading problems. 
To the exception of the reading control tasks and the two global measures of reading comprehension 
abilities that were presented to adults only (the Nelson-Denny test), and to children only (the Orlec -L4 
test), a within-subject design, in which all the tasks were administered to all participants was adopted. 
                                                 
85  The session duration for children was reduced so as not to tire them. 






In order to apply a multivariate design all the tasks were devised to be presented both to children and 
adults. Hence the type of stimuli presented (e.g., the frequency of the words used) was carefully 
controlled for, and for some tasks an adaptive procedure was presented (see details in the section 
describing the tasks).  
 
Table 5. Summary of the tasks proposed in the SNF study. 
 Task order86 
Visual acuity* 
Negative Priming 
Paired associates  
Pattern Comparison* 
Stroop Color * 




Rod and Frame    
Hayling* 
D2 
Directed Forgetting Sternberg  






Health Self-Rating Scale Questionnaire* 
                                                       * Tasks selected for the present study 
                                                 
86 For the Color Stroop, The Negative Priming and the Directed Forgetting, two versions of the tasks were built: one meant to require more 
inhibition than the other, because the information to be inhibited was previously highly activated. The tasks in which the information was 
meant to be previously highly activated were the DF Blocked, the NP-5 objects and the Integrated Color Stroop. The tasks in which the 
information was meant to be activated to a lesser extend were DF item, NP 30 object and Dissociated Color Stroop. The order of the tasks 
was counterbalanced across participants. For every other participant, the “highly” activated tasks were provided first. The remaining received 
the “lesser” activated tasks first. 
 







Table 6. Summary of the tasks proposed in the present study to both 
children and adults according to the counterbalanced order adapted 
within the SNF study. 
Task order 
1 2 
Visual Acuity  Visual Acuity 
Irregular words b 
Pseudo-words b 
Word Identification b 
Irregular words b 
Pseudo-words b 
Word Identification b Pattern Comparison Letter Comparison 
Stroop Color word  Mill Hill a (B) 
Directed forgetting blocked cueing Matrix simple word 
Mill Hill a (B) Matrix simple positions 
Matrix simple word Double Verbal Matrix  
Matrix simple positions Hayling  
Double Verbal Matrix  Reading Span 
Hayling  Directed forgetting blocked cueing 
Letter comparison Letter comparison 
Reading Span Stroop Color word 





Experimental Reading Comprehension  Experimental Reading Comprehension  
Reading speed  Reading speed  
Note: a task presented only to adult participants; b tasks presented only to children 








The tasks assessing Reading Comprehension (the Experimental Reading Comprehension task, the 
Nelson-Denny test –for adults- and the Orlec L4 Test –for children) will be described first, followed 
by the tasks assessing Working Memory Capacity (the Reading Span and the Matrices tasks), the 
Inhibitory mechanisms (the Color-word Stroop, the Hayling and the Directed Forgetting tests) and 
Processing Speed (the Letter and Pattern Comparison tasks)88. Finally, global control tasks, presented 
to the entire sample -Processing Speed tasks, the Verbal Fluency task, the Raven test and a Reading 
Speed task- and reading control tasks -decoding skills tasks- for children only, will be described. 
The description of each task will include the specification of the major dependent measures used in the 
results section.  
 
III.1. READING COMPREHENSION TASKS 
In order to assess reading comprehension an Experimental Reading Comprehension task was built. 
Within the same reading comprehension task we tried to dissociate the comprehension per se from the 
comprehension under a memory load, which can be also considered as text recall. The dissociation 
between comprehension per se, and memory for text was made possible by manipulating, within the 
same reading comprehension task, the modality of text presentation: depending on the experimental 
situation the reader could reread and revisit the text while answering questions.  
For the global measure of reading comprehension, in order to ensure the “validity” of the 
Experimental Reading Comprehension task constructed, we tried to use standardized reading 
comprehension tests in order to benefit of normative scores. Unfortunately in French panorama there is 
a clear lack of standardized reading comprehension tests. Although this is particularly true for the 
adult population, the standardized reading comprehension tests for children date back to the 70’s.  
The experimental multivariate design adopted required to provide the same texts to all the participants. 
Thus, we tried to identify reading comprehension texts that avoided both a floor effect in children, and 
a ceiling effect in adults. Following this rationale, we expected to obtain an adequate and appropriate 
evaluation of the reading comprehension abilities across all participants. 
A compromise was chosen using two different standardized tests for adults and children as a global 
measure of comprehension abilities. In the case of adults, a French translation of the American 
standardized reading comprehension test, the Nelson-Denny test, was presented. This task is one of the 
most common reading comprehension tests used in American studies on adults reading abilities. Even 
though there is not a French standardized version, a modified version of the Nelson-Denny test has 
often been used in French research, which focused on age differences between young and older adults 
                                                 
87 Material and stimuli are presented in the Appendix (see the Material and Stimuli section). 
88 The results concerning the control tasks are presented in the Appendix A.4., Control tasks. 






in reading comprehension (Ehrlich et al., 1994), hence allowing cross-comparisons. Due to the 
complex linguistic structure and topics of the Nelson-Denny test, which are clearly not adequate for 
children, it was only presented to the adults. Conversely, the Orlec –C (L4) standardized reading 
comprehension test (Lobrot, 1980) was presented to the children. The structure of the two tests differs 
with some respect: like the Nelson-Denny test, the Orlec-C test consists of a unique text, but it is 
followed by multiple-choice questions. The advantage of using this test with children is that it is 
standardized and it provides a global measure of reading comprehension, as does the Nelson-Denny 
test for adult populations. 
We specifically built the Experimental Reading Comprehension tasks to fulfill the constraints imposed 
by a multivariate approach, and to overcome the lack of standardized reading comprehension tests in 
the French language. For instance, the task needed to be identical for each of the age group considered 
in order to allow direct comparisons across groups and the assessment of age-related differences in 
reading comprehension performance. This issue is crucial in the seek of examining the processes 
underlying reading comprehension, and of assessing the weight of the different mechanisms 
accounting comprehension performance, as well as their changes with age. It remained that building 
reading texts for the experimental task was a fairly difficult venture. 
Thus, texts from a French battery on reading, the INETOP battery, were administered after some 
modifications. A common pool of texts for children and adults was identified. As the INETOP battery 
is designed for 8- to 16-year-old children, texts proposed could have been too easy for adults. Thus, 
other texts used by Van der Linden and collaborators in adults’ studies on reading comprehension 
were added. As a result, in the Experimental Reading Comprehension task, common texts for both 
children and adults as well as specific texts for adults were used.  







III.1.1. EXPERIMENTAL READING COMPREHENSION TASK 
1.1.1. General Description 
As mentioned above, because of the lack of standardized reading comprehension texts, modified 
reading comprehension texts from a standardized French Battery «L’évaluation des compétences d’un 
lecteur» (The evaluation of readers abilities) (Aubert, Blancherd, I.N.E.T.O.P., 1988), and texts used 
by the Van der Linden’s laboratory were selected.  
The INETOP battery includes a section on silent reading (Lecture Silencieuse) that provides a global 
measure of reading comprehension abilities for 8- to 16-year-old children (primary and secondary 
school pupils). Original texts and questions were revised because they entailed old- unusual linguistic 
expressions (as a reminder, the battery dated back to the late ‘70s, 1976)89. These changes were further 
carried out in order to administer the same texts to children, young and older adults.  
The INETOP texts selected, for this study, are proposed by the manual for the 10-to 16-year-old 
children. However, the risk of presenting only the INETOP texts to adults was to find a ceiling effect 
because of the relative easiness of texts. At the same time, presenting the INETOP texts suggested for 
the 14-to 16-year-olds to younger children could have lead to a floor effect. 
Thus, to evaluate the real comprehension abilities of young and older adults, two texts used by Van der 
Linden and collaborators studies (Van der Linden et al., 1999) were added. INETOP texts proposed 
for older children (14- to 16-year-olds), and those used by Van der Linden, were presented to all 
adults. For children, only the INETOP texts corresponding to their age were presented (texts suggested 
for 14- to 16-year-old were excluded).  
Another criterion in the selection was the text structure and its content. Indeed, we were further 
interested in assessing both the inference-making ability, and the recall of details. Therefore, only texts 
that allowed formulating inference and questions of details were selected. For each text, detail and 
inferential questions were built.  
When possible, the INETOP questions were maintained, according to question content (inference or 
detail) from the original text. We reformulated the questions that in their original form consisted in 
sentences to be completed (e.g.: “Dans cette histroire, on parle d’un objet blanc. C’est  …”).  
Our goal was to produce very precise answers consisting of one single word, so as to exclude the use 
of subordinate propositions (e.g.: “because…”). This point is not negligible as response times were 
considered. The Van der Linden texts were originally followed by multiple-choice questions; 
therefore, new questions were built. 
An example of text is presented below.  
 
 
                                                 
89 A pilot study both with children and young adults was conducted first to test out the experimental texts to detect and make changes to any 
ambiguous sentences or questions. Performance suggested that the materials were at an appropriate level for children and for adults.  







Assise sur un vieux tabouret usé par tant d'années de service, Corinne brode des fleurs et des feuillages sur une grande nappe dont 
les plis, éclatants de blancheur, tombent tout autour d'elle comme une robe de mariée. La brise printanière joue dans ses cheveux 
blonds. N'a-t-elle pas envie d'aller avec ses deux frères et sa sœur cueillir des jonquilles ou jouer près de la rivière ? Corinne ne lève 
pas les yeux de son ouvrage, qu'elle tend quelquefois à bout de bras pour juger de son progrès. 
• Quels motifs Corinne est-elle en train de broder ? 
• Combien d' enfants les parents de Corinne ont-ils ? 
• Sur quel objet ancien Corinne est-elle assise ? 
• Durant quelle saison de l’année se passe ce récit ? 
• Dans ce recit que cueillent les frères de la jeune Corinne ?  
• Quel est l'objet blanc cité dans cette histoire ? 
   
Experimental Reading Comprehension task: Example of text and questions. 
 
Eight texts were used. Six of them came from the INETOP battery (see Appendix A.12.1, texts A to 
F), and two from Van der Linden texts (see Appendix A.12.1, texts G and H).  
As concerns the INETOP texts selected, two were suggested for 10 to 11-year-olds children, one for 
11 to 12-year-olds, two for 14 to 15-year-olds and one for 15 to 16-year-olds. The text differentiation, 
with respect to the age, is due to the complexity of sentence articulation and quantity of text 
information to be processed.  
Among the eight texts, two were presented to children only (texts A and B), and two to adults only 
(texts G and H); therefore four texts were common (texts D, E, F, and G), and administered to the 
three age groups.  
 
To study the role of the memory load on comprehension skills, two experimental conditions were 
designed. In the first condition, labeled “comprehension for text”, texts were still available to the 
participants at the response phase (see Figure 4). In the second condition, named “memory for text”, 
texts were no longer available when answering questions (see Figure 5).  









Comprehension for text       Memory for text  
Monique habitait dans un petit 
appartement avec sa mère et sa sœur en 
plein centre de la ville. Elle avait 
l'habitude de faire, en sortant de l’usine, 
un grand détour par les rives de l'Yvette. 
Marc essayait toujours de l’attendre 
lorsqu’il se trouvait au quartier Saint Jean 




Monique habitait dans un petit 
appartement avec sa mère et sa sœur en 
plein centre de la ville. Elle avait 
l'habitude de faire, en sortant de l’usine, 
un grand détour par les rives de l'Yvette. 
Marc essayait toujours de l’attendre 
lorsqu’il se trouvait au quartier Saint Jean 





Monique habitait dans un petit 
appartement avec sa mère et sa sœur en 
plein centre de la ville. Elle avait 
l'habitude de faire, en sortant de l’usine, 
un grand détour par les rives de l'Yvette. 
Marc essayait toujours de l’attendre 
lorsqu’il se trouvait au quartier Saint Jean 
et qu'il avait beaucoup de commandes à 
livrer. 
Dans l’histoire, qu’est-ce que l’Yvette ? 
 
 
Monique habitait dans un petit 
appartement avec sa mère et sa sœur en 
plein centre de la ville. Elle avait 
l'habitude de faire, en sortant de l’usine, 
un grand détour par les rives de l'Yvette. 
Marc essayait toujours de l’attendre 
lorsqu’il se trouvait au quartier Saint Jean 
et qu'il avait beaucoup de commandes à 
livrer. 





Monique habitait dans un petit 
appartement avec sa mère et sa sœur en 
plein centre de la ville. Elle avait 
l'habitude de faire, en sortant de l’usine, 
un grand détour par les rives de l'Yvette. 
Marc essayait toujours de l’attendre 
lorsqu’il se trouvait au quartier Saint Jean 
et qu'il avait beaucoup de commandes à 
livrer. 
Quelle est l'activité de Marc dans ce récit ? 
 
 
Monique habitait dans un petit 
appartement avec sa mère et sa sœur en 
plein centre de la ville. Elle avait 
l'habitude de faire, en sortant de l’usine, 
un grand détour par les rives de l'Yvette. 
Marc essayait toujours de l’attendre 
lorsqu’il se trouvait au quartier Saint Jean 
et qu'il avait beaucoup de commandes à 
livrer. 




Figure 4. Experimental Reading 
Comprehension task: Example of the 
comprehension of text condition. 
 
Figure 5. Experimental Reading 
Comprehension task: Example of the 
memory for text condition. 
 






Therefore, it was imperative to find different but, at the same time, equivalent texts (in terms of 
linguistic complexity) to present to participants. Using two experimental conditions, if texts did not 
have the same level of complexity, their results would have been influenced by text complexity as 
opposed to the experimental manipulation.  
Texts were therefore selected in order to:  
1) be presented to the three age groups (children, young and older adults);  
2) formulate detail and inferential questions for each text; 
3) obtain texts with an equivalent level of difficulty in each of the two experimental conditions.  
Each text was examined using a linguistic analysis that considered the following aspects (see 
Appendix, A.10.1 for descriptive statistics of texts characteristics):  
- number of words; 
- number of characters; 
- number of sentences; 
- number of propositions; 
- lexical density.  
 
According to these analyses, the eight texts were grouped in 4 classes of difficulty, ranging from easy 
to very difficult. Each level of difficulty included two texts (see Table 7). In such a way each pairs of 
texts with a similar global difficulty, could be assigned to the two experimental conditions.  
Table 7. Experimental Reading comprehension task: Texts 
groups. 
Text difficulty 
easy medium difficult very difficult 
A C E G 
B D F H 
Note: each text corresponds to a letter ranging from A to H (the texts 
selected were eight). Letter in bold are the texts common to children and 
adults. 
 
To further validate the equivalence of groups of texts, five separate univariate analyses were 
conducted with the number of words, the number of characters, the number of sentences, the number 
of propositions, the lexical density of each text as dependent variables, and the two groups of texts as 
factor. These analyses were done for the two groups of texts selected for adults (3 texts: C, E, G and 
D, F, H), for children (3 texts: A, C, E and B, D, F), and texts common to children and adults (2 texts: 
C, E and D, F). Results did not show any main effect of text group90 (see Table 8 for descriptive 




                                                 
90 p values were at least > .09 






Table 8. Experimental Reading Comprehension test: characteristic of the texts. Means (M) 
and standard deviations (SD) for the: number of words, number of letters, words count, 
propositions, sentences and lexical density, and by age groups.  




Adults and children 
2 texts 
  C E G8 D F H A C E B D F C E D F 
Words M 125.66 101.33 95.33 95.00 116.00 75.00 
 SD 39.36 48.33 43.09 38.15 33.94 22.62 
Number of letters M 605.33 500.66 456.33 457.66 555.00 373.00 
 SD 170.04 254.65 224.76 181.53 206.47 151.32 
Number of proposition M 18.00 15.33 13.66 13.66 16.5 11.00 
 SD 6.08 7.76 7.37 5.03 7.77 2.82 
Sentence count  M 7.00 7.33 4.33 4.33 5.5 2.12 
 SD 3.00 5.12 2.51 1.52 4.5 2.13 
Lexical density M 88.23 95.13 92.33 91.80 88.5 95.35 
 SD 5.02 1.30 8.31 6.27 7.07 1.76 
 
Furthermore, due to the changes made in the texts and the questions, the length of the questions was 
also controlled (see Appendix A.10.II. for questions characteristics). It was important to control this 
aspect, because the response times91 to questions included both the time needed to read the question 
and the time to answer to the questions. Two questions varying in terms of length such as “Where does 
Monique live?” or “Where does the young woman called Monique live?” will produce different 
response times not necessarily because the first question is simpler than the second, nor because it 
requires less cognitive resources. Rather, different response times could be obtained because the first 
question is shorter to read than the second, with respect to the number of in terms of characters and 
syllables (part of the micro-linguistic characteristics of a text).  
Three different GLM repeated measure analyses were conducted to examine the effects of type of 
questions (detail vs inference), and groups of texts on the following questions characteristics: number 
of words, characters, and syllables. These analyses were done for groups of texts presented to a) 
adults, b) children and c) common texts to adults and children, respectively. The main effect of group 









                                                 
13 Groups of texts were counterbalanced for the Comprehension for Text and Memory for Text conditions. 
91 The Psyschope software was used to program experiments and in the case of the Experimental Reading comprehension task, it was not 
possible to record both reading time and response time. 
92 p values were at least > .09 






Table 9. Experimental Reading Comprehension test: detail and inference questions. 
Means and standard deviations for the number of: words, syllables, characters by the 
text comprehension –TC- and memory for text -MT- conditions and by age groups.  
  Adults Children Adults and children 
  TC MT TC MT TC MT 
                                TEXTS 
  C E G  D F H  A C E  B D F  C E  D F  
Detail questions  N*=9 N=9 N=9 N=9 N=6 N=6 
Number of words M 9.22 9.00 9.11 8.67 9.00 9.00 
 SD 1.30 1.00 1.05 1.12 1.26 1.10 
Number of syllables M 15.11 15.44 14.89 15.22 15.50 11.38 
 SD 1.45 1.51 1.54 1.09 1.38 1.05 
Number of characters  M 42.56 42.00 41.44 40.44 42.33 42.17 
 SD 3.54 2.65 3.50 4.75 3.83 3.31 
Inferential questions  N=9 N=9 N=9 N=9 N=6 N=6 
Number of words M 9.11 9.56 8.56 8.89 8.50 9.33 
 SD 1.17 .88 .53 1.05 .55 .82 
Number of syllables M 14.11 15.00 14.33 10.22 14.00 15.00 
 SD 1.05 0.98 14.11 1.76 1.26 .63 
Number of characters  M 44.33 41.67 40.56 40.67 41.17 42.8 
 SD 4.92 3.74 1.88 4.58 .75 3.76 
 * N= Number of questions. 
 
However, one limitation of the linguistic analyses conducted was that they separately considered the 
structure of the texts and of the questions. It is important to note that the difficulty of a text is not only 
due to the text itself, but also to the questions presented. The comprehension of a text might become 
harder depending on the questions presented. Thus, in order to provide further support to the results 
obtained with the linguistic analyses, we asked a sample of young adults to evaluate text difficulty 
considering the text and the related questions (see paragraph III.1.2. for a description of the task). The 
subjective evaluation of text structure (texts and questions) confirmed our previous analyses (see 
Appendix A.6.1). 
Each of the two experimental conditions (comprehension for text and memory for text) contained three 
equivalent texts (see Tables 10 and 11). The two different, but equivalent, groups of texts composing 
each experimental condition were counterbalanced across subjects (see Tables 10 and 11).  
 
Table 10. Experimental Reading comprehension task: Summary of the experimental conditions. 
  Text presentation 
  Comprehension for text  Memory for text 
 Text difficulty easy medium difficult very difficult easy medium difficult very difficult 
Counterbalancement          
 Texts         
Text Order 1  A C E G B D F H 
Text Order 2  B D F H A C E G 











Table 11. Experimental Reading comprehension task: Summary of the conditions by age group. 
   Text presentation 
   Comprehension for text  Memory for text 
 Children N         
 Text difficulty  easy medium difficult  easy medium difficult  
Counterbalancement           
 Texts          
Text Order 1  30 A C E  B D F  
Text Order 2  30 B D F  A C E  
 Adults          
 Text difficulty   medium difficult very difficult  medium difficult very difficult 
Counterbalancement           
 Texts          
Text Order 1  106
93  C E G  D F H 
Text Order 2  105
94  D F H  C E G 
Note: each text corresponds to a letter ranging from A to H (the texts selected were eight). Letter in bold are the texts common to children 
and adults. 
 
The task was presented on a computer. For each of the experimental conditions, ‘comprehension’ and 
‘memory’, three texts were presented (see Table 11). Three factual questions and three inferential ones 
followed each text. Inferential questions required information not present in the text, while detail 
questions required information explicitly stated in the text. The inferences to be made were thematic 
and not linked to personal background knowledge.  
In the “comprehension” condition, text and each question, which appeared once the text read and once 
at a time, remained on the screen (see Figure 4). This condition is very similar to an everyday reading 
situation, in which the reader can go back to the text to re-read it.  
In the “memory” condition, participants were required to read the text, which then disappeared, and 
only the questions remained on the screen (see Figure 5).  
 
The task always started with the “comprehension of text” condition, and it was followed by the 
“memory of text” condition. The “comprehension of text” condition being closer to usual reading 
comprehension situation, it seems more straightforward to present it first. In addition, starting the test 
with this condition, prevented a surprise effect, expected especially in the children group. It should 
also be pointed out that the counterbalancing of the two text presentation conditions could have caused 
confounding effects. Indeed, the ‘memory condition’ could influence the performance in the 
“comprehension condition” as participants could read each text trying to memorize it, even though it 
remained on the screen, as it is implicitly requested in the memory for text condition. Thus, the 
‘memory for text’ condition might bring a memory component in the ‘comprehension for text’ 
condition, biasing the results and their interpretation. We assumed that keeping this order constant 
would prevent such effects. 
                                                 
93 47 young adults, 31 young-old, and 28 old-old. 
94 47 young adults, 31 young-old, and 27 old-old. 






The order of text presentation (see Tables 10 and 11), as well as of questions, was fixed between 
subjects. In terms of the questions, detail questions were alternated with inferential ones (see 
Appendix A.10.II. for questions characteristics). The two predefined groups of texts were always 
presented together. However, for half of the participants, the first group of texts was administered 
under the “comprehension” condition, while the other group was administered in the “memory” 
condition. For the other half of the participants, the assignment of texts to the defined conditions was 
reversed. In any case, participants always received the “comprehension” condition first: texts were 
presented in a different order (1 and 2), which was counterbalanced across subjects.  
The maximum score was of 36 correct responses for the children, on the one hand, and adults –young 
and older adults, on the other hand, and of 24 correct responses when children were compared to 
young adults.  
1.1.2. Procedure95 
Experimental Reading Comprehension Task was computerized. Participants were instructed to read 
texts, appearing on the screen, as accurately as possible in order to understand them and then answer to 
different questions as precisely as they could, without inventing the answer. The experimenter 
explained that they had to read the texts and to press the space bar, once they were ready to respond, in 
order to make the questions appear on the screen. In fact, for both types of questions, participants had 
to press the spacebar. For the first three texts (comprehension of text condition), once the text was 
read, participants had to press the space bar to make the first question appear and both each question 
and the text remained on the screen; for the remaining three texts (memory of text condition), once the 
space bar was pressed, only the questions, once at a time, were displayed on the screen. Independently 
of the condition of text presentation, participants had to answer each question by speaking into the 
microphone (see Figures 4, and 5). Once a question was answered, the experimenter pressed a key 
(ASCII), to make the following one to appear. The experimenter informed the participants of the 
change in the presentation mode. Reading was self-paced. 
A practice phase preceded the test phase: one text for each of the experimental condition was 
presented each followed by two questions. ure 1 Figure 2 Figure 3 
The dependent variables were: the median reading times before pressing the spacebar, the median 
response times (which includes the time to read the questions), the proportion of incorrect and correct 
answers (which includes also partially correct answers) by text presentation condition (comprehension 
vs memory) and by type of question (detail vs inference). Each response was scored 0 (“I don’t 
know”- or incorrect), 1 (correct), and .5 (partially correct). Partially correct answers were those 
answers, which could not be considered completely correct because an element was missing (see 
Appendix, section A.12.I.a). 
                                                 
95 Instructions are presented in Appendix A.20. 






The response coding system was submitted and confirmed by different experts, and is presented in 
Appendix (section A.12.I.a).  
The reading times were calculated by text presentation (‘comprehension of text’ vs ‘memory of text’) 
conditions. The response time and the number of correct answers were computed by text presentation 




III.1.2. ADDITIONAL READING COMPREHENSION CONTROL TASKS 
In order to control for the level of difficulty of texts and the quality of inferences, different control 
tasks were adopted. These procedures are detailed in the following sections.  
1.2.1. Text Difficulty Study96 
2.1.1. General Description 
The same eight texts and related questions composing the Experimental Reading comprehension task 
were proposed in a paper and pencil modality.  
The task was composed of two parts. 
In the first part, participants had to read the texts and to answer the six questions (detail and inference). 
In the second part, they had to classify each text by their level of difficulty. Four levels of difficulty 
were proposed (from easy to very difficult). For each level of difficulty they had to choose two 
representative texts. 
The first part was meant to assess the validity of the judgments obtained in the second part of the test. 
In fact, the judgment on text difficulty could be considered representative only if the reader had 
correctly understood the text, as reflected by correct answers to questions.  
2.1.2. Procedure97 
Each of the eight texts, followed by questions, was typed on a sheet of paper, and the texts were 
assembled in a booklet. Participants were given the booklet and instructed to read each text focusing 
on the meaning, and to answer questions very precisely without inventing the answer, as the text was 
available in this phase. 
Once this first task was finished, a grid was given along with a new booklet with the eight texts and 
questions. This time, however they were presented in a different order compared with the one in the 
first part of the task. In order to obtain two texts for each difficult level, participants were instructed to 
judge each text, considering both the text and the questions on a four rating scale ranging from easy to 
very difficult. 
                                                 
96 Results are presented in Appendix A.6.1 
97 Instructions are presented in Appendix A.23. 






Only the judgment of participants, who correctly answered text questions or made one error, were 
examined. A weighed average of response frequency for each text was calculated. 
 
1.2.2. Inference Utility Study98 
In order to examine the utility of the inferential questions in the Experimental Reading comprehension 
task (Experimental RC) a supplementary task was presented to a group of young adults only. In order 
to interpret errors and response time in these types of questions, it was important that the inferential 
questions called upon information for the reader to build a coherent representation of the text, and thus 
to understand it. As a larger number of errors and longer response times with inferential questions are 
expected, it was crucial to verify whether these outcomes were -or were not- accounted by the fact that 
those questions were about information not essential for text comprehension.    
The same texts used for the Experimental RC task were proposed. Each text was followed by six 
sentences. Three sentences contained the inferential content in an explicit form (of the inferential 
questions) and the other three were control sentences, sentences with information not inherent to the 
text.  
2.2.1. Procedure99 
Each of the eight texts of the Experimental RC task, followed by 6 sentences, was typed on a sheet of 
paper, and the texts were assembled into a booklet. Each sentence presented was followed by three 
alternatives: useful for comprehension, not useful for comprehension, not related to the text. 
Participants were given the booklet and instructed to read each text focusing on the meaning and to 
judge the sentences presented according to their relevance for comprehension. 
The dependent variable was the percentage of inferential information judged as useful for 
comprehension. 
 
III.2. CONTROL READING COMPREHENSION TASKS 
III.2.1. NELSON-DENNY TEST 
2.1.1.  General Description 
This test is a French adaptation (Ehrlich, Charles & Tardieu, 1992) of the American standardized 
Nelson-Denny test. It assesses reading comprehension ability in adults.  
This test is made up of texts dealing with topics on history and geography. Each story is 20 lines long 
and followed by four questions with five possible responses, among which only one is correct. 
Participants had to underline the correct response. A maximum time limit fixed at 30 minutes to 
complete the task, contrary to the Ehrlich’s et al. (1994) procedure fixed at 20 minutes. This choice 
                                                 
98 Results are presented in Appendix A.6.II. 
99 Instructions are presented in Appendix A.24. 






was made to try to remove any effect of reading speed on reading comprehension performance. The 
Nelson-Denny test is composed of eight texts. In accordance with Ehrlich et. al. (1992; 1994), two of 
the eight texts were omitted in this study, because they were far removed from French culture.  
2.1.2. Procedure100 
Each of the six texts was followed by multiple-choice questions. Texts and questions were typed on a 
sheet of paper, and the texts were assembled in a booklet. Participants were given the booklet and 
instructed to read each text for meaning and to choose the correct response to each question within a 
total time of 30 min.  
The dependent variable was the total number of correct answers (maximum = 24).  
 
III.2.2. ORLEC TEST L4 
2.2.1. General Description 
The objective of this test is to measure reading comprehension abilities in children.  
It is part of the Orlec-C Battery (Lobrot, 1980) on reading and orthography, usually used to examine 
comprehension abilities of children from primary to secondary school (7 to 16-year-olds); it is 
standardized on a large population.  
The text (65 lines long) is about a Swedish fairy tale. It is followed by 12 questions with four possible 
responses each, among which only one is correct. The first two questions were preliminary questions. 
Children had to choose the correct response. No time limit was given. Approximately, it took about 10 
min. to complete the task. 
2.2.2. Procedure 
The text, followed by multiple-choice questions, was typed on a sheet of paper. Children were 
instructed to first read the text for meaning and then to answer the questions, choosing the correct 
response out of the four alternatives. Participants were allowed to look back at the text while 
answering the questions.  
The dependent variable was the percentage of correct responses (ranging from 0-100) (see manual). 
 
 
III.2.3. GENERAL REMARKS  
For all the reading comprehension tests presented, no time limits (or a longer time for the Nelson-
Denny) were given and participants could re-visit texts while answering the questions. The above 
procedure did not fully respect the Orlec-C L4 manual instructions and the Nelson-Denny test 
procedure followed in the French studies (time limit). This choice was, nevertheless, weighted to: 1) 
                                                 
100 Instructions are presented in Appendix A.21. 






limit the influence of reading speed on reading comprehension, a crucial aspect for children and older 
adults; 2) present reading comprehension situations as similar as possible to everyday reading, thereby 
measuring comprehension more than memory of text.   
 
 
III.3. WORKING MEMORY TASKS 
III.3.1. READING SPAN TEST 
3.1.1. General Description 
The Reading Span Test measures working memory capacity. In this study, a French adaptation of the 
original task (Daneman & Carpenter, 1980) by de Ribaupierre and collaborators (1997; de Ribaupierre 
& Ludwig, 2003; de Ribaupierre & Bailleux, 1994) was used. Participants were required to 
simultaneously process sentences while actively maintaining verbal material. 
The task was composed of a simple and a dual condition. In the simple condition (Semantic Judgment) 
participants had to judge whether the semantic content of each sentence was correct or not.  
In the dual condition (Reading Span), participants had to make a semantic judgment of each sentence, 
grouped in series, while temporarily maintaining each last word. At the end of each series participants 
were asked to recall the last word of each sentence in the correct order of presentation (from the first to 
the last). In this condition, simultaneous processing (original semantic judgment) and maintenance of 
information (last words) is requested. The criteria to build sentences were the same for both conditions 
in order to create equal conditions for the different processes required.   
Sentences were presented in an affirmative mode (half-correct and half-incorrect). They were 
syntactically simple (half containing one noun and half two nouns), and each entailed from 5 to 11 
syllables (20-40 printed characters). Final words were bi- or tri-syllabic nouns (half bi-syllabic and 
half tri-syllabic), and words were not used more than once through the task. Eighty-one sentences were 
built respecting the above criteria. These sentences were also checked a posteriori to avoid the 
following: word repetition throughout the two conditions; distracting, misleading and facilitating 
relations among the last words to be remembered.  
The two conditions were composed of 20 (four used as practice and 16 as test) and 61 sentences (five 
used as practice), for the semantic judgment and the reading span task respectively. For the dual 
condition, sentences were distributed throughout the task across four levels of difficulty. The difficulty 
level was determined by the number of sentences (ranging from two to five) composing each series. 
Each series constituted an item. Four items of each level of difficulty were presented. Items of 











Sentences were presented on a computer screen.In the Semantic Judgment task, participants were 
instructed to respond as fast and as accurately as possible to each sentence. Four practice sentences 
were presented and followed by 16 sentences in the test (Semantic Judgment task). They were 
presented in a constant order across participants. 
Each sentence was launched by the experimenter and preceded by a beep. Sentences remained on the 
screen until the participant chose an answer by pressing “YES” on the keyboard with the right hand, 
when the sentence was semantically correct, or “NO” with the left hand if the sentence was incorrect. 
The Reading Span test followed the Semantic Judgment task. Sentences were presented in series of 
two to five sentences (one sentence at a time). Participants were instructed to judge as accurately and 
as fast as possible and to memorize the last word of each sentence. From two to five sentences were 
presented in each item. Each series constituted an item. The number of sentences within a series 
defined its level of difficulty.  
As in the Semantic Judgment task, each sentence was preceded by a beep. Once the participant made 
the semantic judgment (using “YES” and “NO” on the keyboard), the following sentence within each 
item appeared automatically. Again the sentence remained on the screen until the response was given. 
At the end of each series, participants were required to recall orally the last words according to the 
order of sentence presentation. The experimenter launched each new item. Figure 6 presents an 




Figure 5. Reading Span test: Examples of class-2 item 
 
On peut respirer un rêve  
  Les fraises poussent dans le dos   
NO - rêve 
 
NO - dos 
REVE – DOS  
 
 






Before the test phase, two practice items (one of level 2 and one of level 3) were presented. In this 
practice phase, a correct semantic judgment launched the next sentence in the series. In the case of an 
incorrect judgment, the current sentence was displayed again. The same sentence could be presented 
up to 3 consecutive times in case of multiple failures. At the end of the series, a white triangle was 
displayed on the screen and the participants were instructed to recall the last word of the sentences 
previously seen in the series.  
After the practice phase, participants received the instructions for the test phase. This phase was 
composed of 16 items (4 items for each level of difficulty: for a total of 16 items and 56 sentences). 
Participants were informed that the series could contain between two to five sentences. By using the 
“return” key the experimenter launched each new item. The succession of the sentences within each 
series was determined by the participants’ response to the semantic content, irrespective of its 
accuracy. Each sentence remained on the screen until the response was given, and the following 
sentence was presented automatically and without delay after pressing the key. The sequence of items 
was randomly defined and adjusted to avoid the successive presentation of items with the same class 
of difficulty. Sequences of sentences within each item, and the item sequence were fixed across 
participants. 
The computer recorded the response time latencies and the response time accuracy for the semantic 
judgment in both phases. For the Reading Span test proper, the words recalled were recorded at the 
end of each series by the experimenter on ad hoc protocols.  
The dependent variables for the Judgment task were the following: the median response times 
calculated across the 16 items; the mean number of items101 correctly succeeded.  
For the Reading Span task the dependent variables were: the median response times for the semantic 
judgment in both phases; the mean number of correct items; and the mean number of words correctly 
recalled, used as the primary measure of the working memory capacity. Those scores were calculated 
over the total number of items independently of the class difficulty (but see Appendix A.7.). The 
number of correct items and the percentage of intrusion errors (words recalled not in the last positions) 








                                                 
101 In the Semantic Judgment task every sentence presented defined an item. Each item was considered as correct when the semantic 
judgment was correct.  
In the Reading Span task, an item was defined as a series of sentences. An item was considered as correct if both the semantic judgment for 
all sentences within a series was correct and if all the last words of each sentence presented in the series were recalled.  
 







3.2.1. General Description 
This task was used, as the Reading Span test, to assess working memory. It was adapted from Loisy 
and Roulin (1992), by de Ribaupierre and collaborators. It is composed of two simple tasks and a dual 
one. The double task –Matrices Double verbal- is the one of major interest, requiring the coordination 
of temporary maintenance of both words and their spatial location in a grid. The two others –Matrices 
single word and Matrices single position- served as control tasks, they only require the maintenance of 
words and positions, respectively. The three sub-tests (simple words, simple positions and double) 
were administered in a fixed order across participants. The simple word task, in which lists of words 
were simultaneously presented, is a measure of short-term verbal span capacity, indexed by the 
number of words correctly recalled. The simple position task requires remembering locations visually 
presented in a white grid containing 25 (5x5) cells, among which several could be colored in red. The 
number of correct positions recalled gave a measure of simple visuo-spatial span.  
The dual task is a combination of the simple word and simple positions tests. Words were 
simultaneously presented in a grid (25 cells-5x5). The recall of words and their position was requested. 
The double task was characterized by the coordination of verbal (words) and visuo-spatial (positions) 
information.  
These three sub-tests varied in complexity depending on the number of words or positions to be 
recalled (from 2 to 7), whit the number of elements defining the level of difficulty.  
The procedure was adaptive. The difficulty level was adapted to the individual capacity: each 
succeeded items brought to a higher level of difficulty and a failure to a lower class. Thus, if a 
participant solved (failed) a trial containing 4 words, he/she was given a trial with 5 words (3). 
 
In Matrices Simple Word (see Figure 7), a series of words were presented on the computer screen. 
Words appeared simultaneously in a column located at the centre of the screen. The presentation time 
depended on the length of the series: if a series of three words appeared, its presentation was of three 
seconds. Different classes of difficulty were defined (from 3 to 7), determined by the number of words 
presented within each trial. Fifty-three items were built: 12 for class three, 11 for class four, 10 for 
class five, 9 for class six, 8 for class seven and an additional three as practice. Words were mono or bi-
syllabic with a surface frequency higher than 1000 in the Brulex database (Content, Mousty & Radeau, 
1990). The distribution of the two word types was balanced within and across levels of difficulty. An 
item with an even number of words contained half -monosyllabic and half bi-syllabic words. Items 
with an odd number of words contained monosyllabic and only two bi-syllabic words. To avoid 
“chunks”, semantic links between words were avoided. 
The task requested the subject to encode the series of words independently of their position (order) and 
recall them orally immediately after the presentation. No time limit was required for recall.  
















Figure 6. Matrices Simple word task: Example of a class-3 item. 
In the Matrices Simple Position (see Figure 8), cells simultaneously colored in red, were visually 
presented in a white grid of 5 x 5 cells. The number of red cells displayed defined the level of 
difficulty. There were five levels of difficulty, ranging from two to six, depending on the number of 
cells to be remembered. Fifty-three items were constructed: 3 practice items, 12 items for class two, 11 
for class three, 10 for class four, nine for class five and eight for class six102. The 25 cells of the matrix 
were colored in red the same number of times across the entire task as well as within each level of 
difficulty. Cell positions were controlled to prevent chunks (e.g., colored cells, which shapes a pattern, 
such as a square). One second of presentation was allocated to each red cell and the total number of 
cells determined the time of presentation of the stimuli. Immediately after cell presentation, an empty 
grid was displayed.  
This empty grid is the response screen. Participants responded by touching the screen or using the 
mouse. 
 
Figure 7. Matrices Position task: Example of a class-2 item. 
 
In the Matrices Double verbal task (see Figure 9), mono and bi-syllabic words, contained in a white 
grid 5 x 5, were presented. The words appeared simultaneously and the number of cells containing a 
word defined the level of difficulty of the item. The complexity of the items ranged from two to six. 53 
                                                 
102 The different number of items composing the two simple tasks (words and position) is because several studies conducted by de 
Ribaupierre (e.g., de Ribaupierre et al., 1997; de Ribaupierre et al., 2004=have shown that for a same level of difficulty participants recall 

















items were constructed: three practice items, 12 items for the class two, 11 for class three, 10 for class 
four, 9 for class five and 8 for class six. Each word was assigned one second of presentation, so the 
presentation time of an item depended on its class (an item of class two displaying two words stays for 
two seconds on the screen). Words were chosen according to the same criteria used for the Simple 
words task. Words were not repeated.  
 
Figure 8. Matrices Double verbal task: Example of a class-2 item. 
 
3.2.2. Procedure 
The three Matrices tests were administered on a computer in a constant order across participants: 
Matrices Simple positions, Matrices Double verbal and Matrices Simple Words.  
In the Matrices Positions, participants, seated in front of the screen, were presented with a 5 x 5 white 
grid displayed on a black background and were instructed to memorize the position of red cells in 
order to replace them in an empty gird. Participants received the instruction while two cells of the grid 
were colored in red. Once the grid became empty, participants had to replace the cells previously 
presented, either by using the mouse (young adults and children) or by pointing on a touch screen 
(elderly). The use of the mouse would have made the task too difficult for a number of older adults, 
whereas all young adults and children stated that they had extensive practice in the use of a mouse. 
The example trial was followed by a practice phase to ensure that participants had understood the 
instructions and could employ the response device. In the case of multiple failures, the same trial could 
be presented up to three consecutive times.  
Participants were also instructed that the test had 12 items, presented according to an adaptive 
procedure, so that each successful trial would be followed by an item of a higher level of difficulty and 
that a failure would lead to an item of a lower level of difficulty. The experimenter launched each trial 
by pressing the ‘return’ key. The order of presentation of the items in the practice phase was the same 
across participants. There was no time constraint for the participant to give a response. Responses 













In the Matrices Double verbal, participants were requested to memorize words contained in each cell 
together with their respective positions. Before the test phase, 2 practice items were presented. A 
failure to recall the correct word/location led to another presentation of the trial. As for the other two 
tasks, the same practice item could be presented up to three consecutive times. The practice phase was 
followed by 12 items test phase. Participants were warned that the procedure was adaptive so the level 
of difficulty of the item presentation would be in function of their responses. At the end of each trial, 
participants had to recall orally the words presented within the grid and to indicate simultaneously on a 
empty grid (using the mouse or the touch screen) the cells that contained each of the words recalled. 
The response accuracy in terms of location was recorded on-line by the computer, and the 
experimenter recorded the word/location associations on a response protocol. At the end of each trial, 
the experimenter had to press the “J” key (juste- correct) if the trial was succeeded or “F” key (faux- 
incorrect) if the participant failed the trial. The press of the key immediately launched an item of a 
higher, or lower level of difficulty. 
In the Matrices Simple words, participants were instructed to memorize a series of words appearing on 
the center of the screen and to recall them immediately after presentation, independently of their 
position. After a practice phase, consisting in three items, the test phase started. Participants, in case of 
failure to recall words in the practice phase, would see the same item three times. As for the other 
tests, the procedure was adaptive, so participants knew that the level of sequences (the 
increment/decrement of level difficulty) was in relation to their responses. The test phase included 12 
items.  
The experimenter launched each trial by pressing the ‘return’ key. The experimenter, who noted the 
words recalled by the participants on a protocol, captured the response accuracy by pressing the ‘J’ 
key in the case of a correct recall or ‘F’ in case of an incorrect recall.  
 
For all the tasks a correct item was defined by the recall of the exact number of elements presented 
and/or exact position in the grid. 
The dependent variables were the mean number of: 1) positions or words correctly recalled in the 
simple conditions; 2) words/position associations correctly recalled in the double task, that represented 















III.4. INHIBITORY TASKS 
III.4.1. STROOP COLOR TEST 
4.1.1. General Description 
The Stroop Color task, adapted from Stroop (1935) and Schooler et al. (1997), is a measure of the 
susceptibility to interference and of efficiency inhibitory mechanisms. It consisted of the classical 
version of the task, in which the relevant and the irrelevant information are embedded in the same 
stimulus. Participants have to report the color in which words or word-like stimuli (a row of four or 
five typographical signs) were presented.  
Five conditions were used: two neutral conditions, one congruent, one incongruent, and one negative 
priming. Four colors were used: “rouge” [“red”], “bleu” [“blue”], “jaune” [“yellow”] and “vert” 
[“green”]. In the neutral condition 1 (signs), the task was to name the color of rows of signs (four signs 
were used:  ++++, ****, “““, ^^^^). In the neutral condition 2 (neutral words), the task was to name 
the color of non-color words. The four words were “grave” [“serious”], “neuf” [new”], “plein” 
[“full”], “fort” [“strong”], shown in the four colors used in the task. The neutral words were adjectives, 
with the same number of letters as the color words with a surface frequency of at least 5000 (see, the 
Brulex data base). In the congruent condition, the task was to name the color of a word shown in the 
same color (e.g. the word red shown in red). In the incongruent condition, the meaning of the color 
words and the color in which they were written was incongruent (e.g. the word “red” shown in blue). 
In the negative priming condition, the color word to be inhibited in the prime display was the same of 
the target in the subsequent probe display (e.g. the word “red” shown in blue followed by the word 
“yellow” printed in red). In other words, the color to be named in item ‘n’ was the same as the name of 
the color word in item ‘n-1’. In the present study, only the results for the incongruent, control (signs), 
the negative priming, and the congruent conditions will be reported. 
The stimulus list consisted of 144 trials. Twenty-four items were administered in each condition 
(twelve pairs in the negative priming condition), and the different conditions were randomly 
distributed throughout the task, but the order was identical for all participants. Colors appeared an 
equal number of times across trials. Seventy-two items (50%) were incongruent trials, including the 
negative priming pairs. Positive priming and the succession of more than two items belonging to the 
same condition were avoided, as much as possible. 
Each trial began with a fixation point at the centre of the screen, presented for 1000 milliseconds, 
followed by the target word (or signs) to be named, which remained on the screen until the response. 














Participants were instructed to name as quickly as possible the color in which color words or signs 
were shown. After the response was given, there was an 800 ms delay until the next fixation point 
appeared.  
Timing of response latencies was recorded by the computer, and accuracy by the experimenter on the 
dedicated protocol.  
The dependent variables were the median response times in each condition.  
Relative differences (indexes) between the experimental and control conditions were calculated to 
measure interference (incongruency), inhibition (negative priming) and facilitation (congruency) 
effects. Neutral word trials were used as baseline (see Milham et al., 2001). With this procedure 
individual differences in the processing speed were controlled (de Ribaupierre & Ludwig, 2003). 
The indexes were calculated as follow: 
• incongruency: [(incongruent condition – control condition) / control condition] 
• negative priming:  
[(probe – prime) / prime] 
• congruency: [(congruent condition – control condition) / control condition] 
The number of errors committed for the conditions of interest have been used as dependent variable, 
too. 
 

















III.4.2. HAYLING TEST 
4.2.1. General Description 
The Hayling task, adapted from Burgess & Shallice (1996), assesses the efficacy of inhibiting 
dominant responses. High-cloze sentences in which the last word was missing were presented. The 30 
sentences selected were administered in three conditions. In the first condition the sentence had to be 
completed with the expected word (initiation), and in the two others, by a word unrelated to the 
sentence (inhibition). Given the construction of sentences, it is supposed that the expected word was 
activated during initiation, and had to be subsequently inhibited in the inhibition condition. If so, 
response times should be longer in the inhibition condition than in the initiation one. Additionally, the 
proportion of correct words (with respect to the instruction) should also diminish.  
The material consisted of a set of 30 sentences. These sentences were selected on the basis of: the 
probability of sentence completion103; the number of syllables, the starting phonemes and length of the 
target word. In each condition, 15 sentences were presented. The conditions were counterbalanced 
across the participants.  
In the first condition (initiation, named here A), 15 high-cloze sentences had to be completed with the 
expected word. In the second condition (inhibition, named B), another 15 sentences had to be 
completed with a word unrelated to the sentence content, but which fitted it grammatically. In the third 
condition (inhibition, named A’), the same sentences as in condition A, were presented but they had to 
be completed with a word unrelated to the sentence (see Figure 11). Within each condition, the 
sentences appeared in a random order for each participant. The presentation order of each condition 
was fixed: condition A, condition B and condition A’. A practice phase (five sentences) was presented 
before each test condition. 
                                                 
103 A pretest with 78 students confirmed that the last word of each sentence could be predicted easily from the context of the sentence with a 
probability between .99 and .97. 




















Figure 10. Hayling Task: Example of Conditions A (on the left), B (on the centre), A’ (on the right) 
and responses (below). 
 
4.2.2. Procedure 
The sentences were presented visually on a computer screen. Participants were instructed to read 
silently each of the sentences appearing on the screen, from which the last word was missing, and to 
complete them. Sentences remained on the screen until a response was given. Once answered, the 
following sentence appeared on the computer. Before each condition, participants were told either to 
complete the sentences with an appropriate word or to provide a word, which made no sense at all in 
the context of the sentence but which filled the sentence by preserving its syntax. 
 The experimenter manually recorded accuracy, whereas the computer recorded the response time 
latencies.  
The results presented in the result section will concern the comparison between the A and A’ 
conditions only.  
The dependent variables considered are the proportion of correct completions (expected words for the 
phase A and no sense –unexpected- words for the phase A’), the proportion of errors and the median 
response times by conditions (phase A and A’).  
An inhibitory index was calculated, as for the Stroop task, on the median response times and on the 
proportion of correct responses. The relative difference between the experimental (A’) and control (A) 
conditions were calculated as a relative difference between the inhibition and initiation condition: 
[(condition A’- condition A) / condition A]. 
 
 
La poule pond des …. 
La poule pond des …. 
On se coiffe avec un …. 
 OEUFS 











III.4.3. DIRECTED FORGETTING BLOCKED CUEING TEST  
4.3.1. General Description 
This task, conceived by Bjork (1989), measures the efficacy to suppress previous prepotent 
information. Only a blocked cue task was used. 
A list of 20 unrelated words was sequentially administered to the participant. The task was composed 
of four different conditions, administered in the following order: Remember-All, Forget-Only, 
Remember-Only and Forget-All. In reference to the names of the conditions, the first word refers to 
the type of cue given halfway through the list during item presentation (remember vs forget) and the 
second word refers to the instruction given at recall (recall all the words or only a part of them). An 
intralist cue (after the first 10 words) was given indicating to either continue trying to remember the 
words (after the first 10) or to forget all of the preceding words. Four target lists of 20 words were 
built. They were made equivalent in terms of word length and word frequency. All words were 
monosyllabic (4-6 letters long) with a word surface frequency of 1000 (see Brulex data base). Each list 
was divided in two parts. The presentation order within the two parts of the list was random. 
The conditions used, following the Harnishfeger  & Pope (1996) procedure, were the following (see 
Table 12): 
• Remember all (RA): an intralist cue, indicating to continue trying to remember the words after the 
first 10, was given. Participants were asked to remember all the words from the list.  
• Forget only (FO): a cue indicating to forget the previous words after the presentation of the tenth 
word were given. At recall, participants were asked to remember only the words they had been told to 
remember. That is, they were not asked to remember words from the first half of the list, words they 
had been instructed to forget. 
• Remember only (RO): a cue, indicating to continue trying to remember the words after the first 
10, was given. At recall, participants were asked to remember only the words of the second part of the 
list, even though they had been instructed to remember all words. That is, a selective recall of the 
second part of the list was required. 
• Forget all (FA): a cue, indicating to forget the previous words after the presentation of the tenth 
word, was given. They were told to only remember the next words that would be presented. At recall, 
participants were asked to remember all the words from the list, even the ones they had been instructed 
to forget. 
Table 12. Directed Forgetting: Summary of the conditions used. 
Condition  First ten words  Intralist cue Second part of the list Remember  
RA 10 words  Remember all the words 10 words  All the words 
FO 10 words Forget the first 10 words 10 words The last 10 words 
RO 10 words Remember all the words 10 words The last 10 words 
FA 10 words Forget the first 10 words 10 words All the words  
 






Each list was divided in two parts and the presentation order within the two parts of the list was 
random. The list allocation between the four conditions was counterbalanced across participants.  
4.3.2. Procedure 
Participants were instructed to read aloud the words appearing, as an accuracy check, on the computer 
screen and to press the space bar key to make the next word appear (self-paced procedure). After the 
presentation of the tenth word, the intra-list cue appeared on the screen and was also read by the 
experimenter. According to the cue given, halfway through the list, participants had to forget or to 
maintain those words as well as the following ones (words of the second half of the list). At the end of 
the full list, participants had to remember all the words or part of them (only words of the second half) 
depending on the condition. The experimenter recorded response accuracy on the dedicated protocol.  
The dependent variables were the number of words correctly recalled by half-list (10 words).  
Different benefit indexes, that will be described in the results section, were used as dependent 
variables to assess a) the advantage of the directed forgetting procedure in the selection of relevant 
information, and b) the cost of suppressing no longer irrelevant information.  
In addition intrusion errors, in particular the proportion of to be forgotten items in the Forget-Only 
condition, and in the Remember-Only condition, were also analyzed. These variables provided 
additional measures of the efficiency of inhibitory mechanisms.  
 
III.5. CONTROL TASKS104 
III.5.1. PROCESSING SPEED TASKS 
5.1.1. General Description 
The processing speed tasks, adapted by de Ribaupierre and collaborators (1998) from Salthouse 
(1991), are designed to measure perceptive comparison speed.  
The letter and pattern comparison tasks required the participants to make rapid judgments about 
whether a pair of letters (letter comparison) or arrangements of line segments (patterns comparison) 
were the same or different.  
The letter comparison task consisted in two pages each of which contained two columns of 21 items 
each. Items were pairs of letters composed by three, six or nine consonants counterbalanced between 
the first and second page as follows: seven items of three, six and nine consonants for the first page, 
and the same for the second. Abbreviation were controlled and excluded.  
Stimuli for pattern comparison consisted of two pages composed by one column of 30 items each. 
Stimuli were built using three, six, or nine line segments. The items of different difficulty were 
counterbalanced, so that in each page 10 items of three, six, nine segments were presented.  
                                                 
104 Results are presented in Appendix, Control Task section. 






Responses for the letter and the pattern comparisons consisted in writing OUI (for same) or NO 
(different) on the line between the members of each stimulus pair. Contrary to the original tasks 
developed by Salthouse (1991), no time limits were given and items of different difficulty were 
counterbalanced throughout the task. The experimenter recorded the time to complete each page by 
means of a stopwatch. 
5.1.2. Procedure 
Participants were given Letter and Pattern comparison tests and were instructed to decide as soon as 
possible whether pairs of letters or pairs of patterns were the same or not. Participants for the letter and 
the pattern comparisons had to write OUI (for same) or NO (different) on the line between the 
members of each stimulus pair. Participants were instructed to stop once the first page was completed. 
The experimenter gave the “starting signal” each test page. Two practice items were presented before 
the test phase.  
The dependent variables were the mean completion time (in sec.) and the total number of errors 
computed across the two pages, both for the pattern and the letter comparison. 
 
III.5.2. READING WORDS SPEED 
5.2.1. General Description 
To examine the reading word speed, four narrative texts of a different length were presented.  
The texts had respectively 403, 470, 542 and 630 words. 
5.2.2. Procedure 
Participants were instructed to read the text appearing on the screen105 with their usual reading time 
and to press the space bar once they had finished reading it.  
The experimenter launched each text by key press.  
The total number of text words was divided by reading time and a median reading time per word was 
calculated across the four texts.  
 
III.5.3. VERBAL FLUENCY 
5.3.1. General Description 
In this study, phonological verbal fluency was primarily used to assess verbal knowledge and abilities. 
Participants were asked to produce as many different words as possible that began with a particular 
letter (D-M) within 120 sec. . The letters D and M were chosen as they hold a high surface 
                                                 
105 Texts are presented in Appendix A.13. 






frequency106, according to the Brulex index (Content, Mousty & Radeau, 1990), as initial letters of 
word.  
5.3.2. Procedure 
Participants were instructed to produce as many words (adjective, adverbs, infinitive verb) as possible 
starting with letter D and with letter M, respectively. Names of people, countries, or towns were not 
allowed. An example of a word beginning with the letter A was given. Each condition lasted 120 s.  
The number of words produced for each letter was recorded.  
The dependent variables were: the total number of words correctly produced; the total number of 
wrong words (i.e., words not existing in the dictionary, or names of people), and the total number of 
words repeated. These were computed for each of the D and M condition.  
 
III.5.4. RAVEN TEST (PM38) 
5.4.1. General Description 
The Raven’s Progressive Matrices test was used to assess reasoning ability, being a measure of fluid 
intelligence.  
In this standardized test (Raven, Court, & Raven, 1977), participants are presented with 60 figures, 
grouped into five series (A to E) with 12 figures each. Participants have to choose between the 
different elements and propose the one that completed the figure with consistency. The figures 
presented are composed of abstract shapes, lines with a missing element. For each pattern, six or eight 
choices (pieces) were presented.  
5.4.2. Procedure 
Participants were given the booklet of the Raven’s test and were instructed to solve series of problems, 
with increasing difficulty, choosing between six-eight alternative figures. Each possible solution had a 
corresponding number that participants had to write on the response sheet. Only one alternative could 
be reported; if the solution was not found, an ‘x’ could be reported. Participants had to try to complete 
the whole booklet without looking back to previously solved items. The first problem was used as an 
example. 
No time limits were given, even though it was noted down which items were solved after 20 minutes. 





                                                 
106 The frequency use for the letter D = 7.69 and 6.00 for M. 






III.6. WORD DECODING TASKS107 
The following texts aimed to evaluate reading skill in order to exclude children with decoding 
problems or disabilities.  
 
III.6.1. ONE MINUTE TEST 
6.1.1. General Description 
This task, part of the LMC-R Battery (Khomsi, 1998), assesses the word decoding skills, by providing 
a measure of the automatic word component through reading speed. The test contained 127 words 
needed to be read in 60 seconds.  
6.1.2. Procedure 
Words were presented on a sheet of paper. Participants were timed and instructed to read aloud all the 
words as quickly and as accurately as possible during one minute. 
The dependent variable was the total number of items correctly read (LUM index), that was calculated, 
by subtracting the errors committed during the reading, from the total number of items read: [(item 
read – errors) / errors].  
 
III.6.2. IRREGULAR WORD TASKS AND PSEUDO WORD READING (PART OF THE MIM TEST -
MÉCANISMES D’IDENTIFICATION DE MOTS)  
6.2.1. General Description 
This task, part of the Belec Battery (Mousty et al., 1994), assesses the efficacy of word decoding 
processes. 
The task entailed 24 irregular words and 24 pseudo-words (12 simple and 12 complex).  
6.2.2. Procedure 
Participants were requested to read as accurately as possible the words appearing on a computer screen 
with no time limit. 
Once each word was read aloud, in the microphone, the experimenter pressed the space bar to make 
the next word appear. 
The dependent variable was the percentage of words read correctly. 
 
 
5.IV. GENERAL REMARKS  
                                                 
107 Word decoding tasks were presented to children only. 






The Experimental Reading Comprehension task, the word decoding tasks, the reading speed task and 
the inhibitory tasks (Stroop Color, Hayling, Directed Forgetting tasks) were conducted on an I-Mac 
computer using PsyScope experimental software. Verbal responses were measured by means of a 
microphone device set up in front of the participant with a voice key triggering a button-box timer that 
recorded response latencies in milliseconds. Response times (RTs) were measured for each trial from 
the onset of the question to the triggering of the voice key by the onset of the participants’ responses. 
The participant’s response further activated a voice key that recorded the RT for trial and triggered the 
disappearance of the stimuli (question, for the Experimental Rc task; items for the Stroop; sentences 
for the Hayling test). Participants received voice-key calibration. The experimenter manually recorded 
response accuracy.  
The Reading Span test and the Matrices tests were presented on a Dell computer. Response times and 
response accuracy were recorded by the computer. The experimenter noted response accuracy too.  
If a participant made a wrong answer, or uttered the correct answer immediately after initially 
stuttering (saying “ah” prior to giving the response), did not speak loud enough to activate the voice 
key or caused the voice key to be triggered prematurely (heavy breathing), the trial and its associated 
response were considered as lost.  
All RTs faster than 200 ms were eliminated108. 
The remaining tasks (Nelson-Denny, Orlec, Letter and Pattern comparisons, Raven tests) were paper 
and pencil tests.  
For all the tasks, instructions and words stimuli were written in a readable size for all participants to 
control for visual problems (frequent in elderly participants). All the participants were allowed to use 
glasses in the case they needed to. In the practice phase, errors were corrected in order to verify that 
they were not due to failures to understand test instructions. 
                                                 
108 To our opinion, it is merely impossible to have a response times faster than 200 ms with respect to the nature of the stimuli used in the 
tasks. Thus there were assumed to be anticipations.  







5.V. SPECIFIC HYPOTHESES 
The operational hypotheses formulated for tasks presented are provided below.  
 
V.1. READING COMPREHENSION 
V.1.1. EXPERIMENTAL READING COMPREHENSION TEST 
1.1.1. Reading Times 
As mentioned earlier, two text presentation conditions have been devised for this task: a condition in 
which the text remains on the screen during the response phase, and another in which the text 
disappears. Before answering the question, participants have to read the texts to understand them 
knowing that once the text was read it could or could not remain on the screen. Thus, an effect of the 
text presentation conditions on reading times is expected. Indeed as participants know that in the 
comprehension condition they can navigate in the text or go back to, their reading times would be 
shorter than in the memory phase The resources allocation approach indeed shows that reading time 
allocation is sensitive to task demand (reading for comprehension or recall).  
An interaction Age by Text presentation condition should be observed within the children sample, and 
between young adults and children. Indeed the difference between the two text presentation conditions 
should be more important in younger children (10 year-olds) than in older children. 12 year-olds, for 
example, are supposed to be more skilled or “independent” readers than 10 year-olds. The difference 
between the two text presentation conditions should be, also, more important in children than young 
adults because of the developmental changes in the speed at which information are processed.  
Moreover, comparing young adults to older ones, we should observe a main effect of text presentation 
condition, and a main effect of age. Young-old and old-old adults should have lower reading times 
compared to young. This hypothesis can be supported by some studies, which suggested that elderly 
participants take more time to read the texts in order to understand them better, thereby compensating 
for the age-related decline. 
1.1.2. Response Times 
Once participants had read the text the questions appeared on the screen with (comprehension 
condition) or without the text (memory condition). 
In the comprehension condition longer response times were expected than in the memory for text 
condition in answering questions as participants could re-visit the text. Moreover, response latencies to 
inferential questions should be longer than the detail ones. Not only inferential questions are 
information that cannot be found in the text, contrary to the detail ones, but inferential questions are, 
also, supposed to be more resource demanding than the detail ones. Inferences are indeed considered a 
higher cognitive processing skill contributing to the construction of text representation. If the inference 






has not taken place during the text representation construction, the reader could have the need to 
revisit the text frequently more and longer response latencies could thus be expected. In the memory 
condition, as the text is no longer available to the reader, he/she has to retrieve the situation model to 
answer the detail and inferential questions. 
Due to developmental changes in comprehension skills age-related differences in response time to 
questions within the group of children favoring older children are expected. Young adults should also 
produce shorter response latencies than children and older adults because of the age-related changes in 
both in reading comprehension skills and in the speed of processing information.  
A triple interaction, Age by Text presentation condition (comprehension vs memory for text) by Type 
of questions (detail vs inference), on response times should also be observed (within the group of 
children; in the comparisons: children and young adults; young adults and older adults). We will 
comment on the expected effects decomposing the interactions to simplify the description of our 
hypotheses.  
The Age by Text presentation condition interaction should also be observed. The difference in 
response times should be more important for 10 year-old children than for 12 year-olds. Moreover, 
young adults when compared to both children and older adults should be less affected by text 
presentation condition responding to questions than both children and older adults. The comprehension 
condition, in our opinion, should affect more children and older adults response latencies than young. 
Young adults, indeed, if they had read the text attentively, should not show such an important 
difference between the text presentation conditions as the others groups. 
We should also observe Age by Type of question interaction with longer response latencies between 
the detail and inferential questions in children and older adults with respect to young adults. Because 
inferential questions involve more attentional resources than the detail ones, inferences could affect 
specifically 10 year-olds children more than 12 year-olds; children and older adults rather than young 
adults.  
Response times could be also more affected by the text presentation and type of question in older 
adults because they use a more cautious criterion than young ones emphasizing accuracy to the 
detriment of speed (e.g., Brebion, 2003). Thus, the difference between comprehension and memory 
conditions responses times and between detail and inferential questions could be larger for older adults 
than for young ones, because older adults could try to compensate for task difficulty by taking 
advantage of re-visiting the text in the comprehension condition, and be more cautious in answering 
inferential questions.  
Moreover, the difference in response latencies between detail and inferential questions could be more 
accentuated in the comprehension condition than in the memory one, provided the reader has not 
constructed a full situation model in the comprehension condition, knowing that he can return to the 
text. In addition, we should also observe longer response times for inferential, but not for the detail 
questions between the comprehension and memory for text conditions. 







In the comprehension condition participants should present less errors than in the memory one 
particularly for the details. Indeed, because text is available, fewer errors are expected. It has been 
shown that disposing of a text allows for processing more dimensions of the situation model. It is as if 
the comprehension condition is the optimal condition in which the reader can rely on other aspects of 
their mental functioning, such as background information, or more globally, their expertise. Thus, we 
expect that in the comprehension condition, reading comprehension skills of “older readers” are 
almost spared.  
Moreover, a more important number of errors should be observed for the inferential questions 
compared to the detail ones. Inferential questions are more attention demanding than the detail one.  
Age-related differences are also expected from 10 to 12 year-olds, with younger children showing a 
poorer comprehension performance, more errors, than older ones. Moreover, children and older adults 
are supposed to commit more errors than young. The main effect of age between young and older 
adults should, nevertheless, present an important “shade” when the text presentation condition is 
considered, as we will discuss below.  
An interaction Age X Text presentation condition (comprehension vs memory for text) X Type of 
questions (detail vs inference) should also be observed (within the group of children; in the 
comparisons: children and young adults; young adults and older adults) for errors. 
We will comment separately on the expected effects, decomposing the interactions by couples to 
simplify the hypotheses description.  
It is expected that text presentation condition would produce differences in errors more important both 
for children, and within the children sample for 10 year-olds as opposed to 12 year-olds, and for older 
adults than young adults. Indeed the memory constraints imposed in the memory for text condition 
should have a higher impact on children and older adults because of the increase in age with children, 
and decrease with the aging of working memory capacity and inhibition efficacy. Indeed, we can 
suppose that higher-level processes are involved in both the comprehension conditions but their role 
could be more crucial when the text is no longer available to the reader. Though age-related 
differences between young and older participants are also expected in the memory condition, in the 
comprehension one young-old should not differ from young adults contrary to old-old. This condition, 
more similar to everyday reading conditions should not impair young-old comprehension ability as the 
memory load is reduced. Thanks to their reading experience young-old could probably compensate the 
aging effect decline. A clear decline of comprehension abilities in the fourth age also in the 
comprehension condition is however expected in reference to the hypothetical curve of crystallized 
intelligence. Recent work has indeed showed that reading comprehension abilities, when evaluated 
with a more ecological reading comprehension situation, are not impaired in young-old (De Beni, et 
al., in press).  






We should observe the Age by Type of question interaction with more errors committed for the 
inferential questions than for detail in children and older adults with respect to young. Inferential 
question involving more resources than detail ones could affect the following groups: the 10 year-old 
children more than 12 year-olds; children and older adults, more than young adults. Moreover the 
difference in errors rate between detail and inferential questions should be more accentuated in the 
memory condition than in the comprehension one.  
 
V.2. WORKING MEMORY 
Working memory capacity was measured with a classical verbal task, the Reading Span test (Daneman 
& Carpenter, 1980), and a visuo-spatial one, the Matrices tasks (Loisy & Roulin, 1992). Both tasks 
require the simultaneous storage and processing of information. In the Reading span test participants 
have both to judge sentences and to recall the last word of each sentence. In the Matrices task, 
participants have to memorize both words and their positions in a bi-dimensional space (a 5x5 grid).  
Age-related differences are expected in terms of an increase from childhood to young adulthood and a 
decline in older adults. Older children (12 year-olds) should present a higher working memory 
capacity, recalling more words in the Reading span and more correct associations words/positions in 
the Matrices, than 10 year-olds. Indeed attentional capacity should increase until 15 years of age (see 
Pascual-Leone and Case). Elderly participant should, conversely, show a poorer performance than 
young adults in both working memory tasks. Indeed, as older adults dispose of a reduced pool of 
attentional resources a decline with aging should be observed. Moreover, the decline in the working 
memory capacity should be more important with increasing age, and a significant difference should, 
thus, be observed between young-old and old-old.  
The Reading span test and the Matrices test administered are characterized by a single task (simple 
judgment of sentences in the Reading span test and simple recall of position or words in the Matrices) 
and a dual one (judge the sentence and remember all the last words; remember both words and 
positions). We should, therefore, observe an interaction Age by Condition: with children and older 
adults showing larger cost in the dual condition than young. Indeed both children and older adults 
would be particularly impaired or penalized in the dual task condition as they dispose of fewer 
attentional resources and less efficient controlled processes. 
As both tasks should measure the same underlying construct, a correlation between the Reading span 














One of the mechanisms that is supposed to account for developmental changes and age-related 
differences between young and older adults in cognition are inhibitory processes. Nevertheless, 
contrasting results are presented in the literature concerning age-related differences in inhibitory tasks. 
Furthermore, recent findings question about the generality of inhibition, as the correlations between 
different tasks measuring inhibition/interference are often null and the effect of age vary across task.  
The tasks used in this study mainly consist in both misleading –Hasher and Zacks’ restriction 
mechanisms- and distracting - Hasher and Zacks’ deletion function- tasks.  
In particular the Stroop Color and the Hayling tasks measure the efficacy in preventing a dominant but 
inappropriate response (misleading tasks), and the Directed Forgetting the suppression of no longer 
irrelevant information to the task goals (distracting tasks).  
V.3.1. STROOP COLOR TEST 
This task measures the capacity to inhibit prepotent irrelevant information. The classical Stroop effect 
consists in the presentation of color word lists written in different color ink (e.g., the green word 
written in red). Participants are required to name the color ignoring the color word. The phenomenon 
of interference is observed when the word and the color are incongruent: hence in this condition the 
inhibition of the prepotent irrelevant information (the word information is automatically activated) is 
required to accomplish the task. The interference effect is shown by longer response latencies in such 
condition, named incongruent, than control condition (e.g. meaningless symbols in color). 
We should find a larger interference effect in both children and older adults with respect to young 
one. 
In addition, an interaction Age by Condition is expected: children109 and older adults should show 
longer naming latencies in the incongruent condition compared to a control one than young.  
As the Stroop Color version used present also a negative priming110 condition, we expect that the 
difference between the prime and probe condition will be larger for young adults than children and 
elderly that are supposed to have less efficient inhibitory mechanisms.  
V.3.2. HAYLING TEST 
As in the Stroop Color test, the Hayling task is considered a misleading task because the high 
activation of prepotent irrelevant information conflicts with the correct answer. In the Hayling test 
series of high-clozed sentences to be completed with expected or unexpected endings are presented. In 
the so-called initiation phase sentences have to be completed with the expected word (La poule pond 
                                                 
109 The sample of children comprehends children from 10 year-olds because at this age reading processes became more automatized. 
110 The classical negative priming paradigm according to the classification of Pascual-Leone is classified within the distracting tasks, as the 
distractor does not conflict with the task goal. Nevertheless as the prime and probe conditions are incongruent “Stroop” stimuli, it will be 
considered as the capacity to suppress prepotent irrelevant information.   






des …OEUFS), whereas in the so-called inhibition condition the same sentences have to be completed 
so that the sentence became meaningless (La poule pond des …VERRES).  
As children and older adults are supposed to have less efficient inhibitory mechanisms, the difference 
between the two conditions is expected to be more important than in young adults both for response 
latencies and for the correctly completed sentences.  
V.3.3. DIRECTED FORGETTING BLOCKED CUEING 
This task belongs to the distracting tasks in which the irrelevant information is also highly activated 
but it is not incompatible with the correct response; the irrelevant information has to be cleared up to 
accomplish the task. 
Different lists of 20 words (four) were presented. Participants had to memorize all the words or not 
depending on the intra-list cue presented after the first 10 words. Depending on the condition, 
participants had to memorize all the words (Remember-All and Remember-Only) or to forget the first 
ten words of the list (Forget-Only and Forget-All). Moreover, depending on the recall condition 
participants had to recall not only the items they had to memorize (to be remembered items -TBR), but 
also the ones they had to forget (to be forgotten items -TBF) (see the material description). Hence, 
conditions differed both for encoding and for recall.  
One can analyze this task in terms of benefits and costs. Because the lists to remember are longer than 
the participants’ span, being allowed to forget the first ten words enhances the recall of the last ten 
words. Recall should, hence, be higher when an instruction to forget has been given (benefit). 
Conversely, when participants are required to recall the first ten words, having been told to forget 
them induces a high effort to retrieve them (cost), than when instructed to continue retaining the 
words. The recall for the first ten words should therefore be lower in the TBF conditions. 
We work from the hypothesis that benefits of the directed forgetting procedure will be more important 
for young adults than for children and older adults. In fact, the capacity for suppressing no longer 
relevant information (to be forgotten items) should favor the encoding of to be remembered items and 
their recall. Moreover, the cost of the directed forgetting procedure, that is remember items that should 
have been forgotten, should be lower for children and older adults than for young adults, as this last 
group is expected to be very efficient in forget no longer relevant information.  
V.3.4. INTRUSION ERRORS 
A supplementary measure of inhibition is intrusion errors. These errors consist in the recall of items 
that were relevant at a given time but became unimportant to the goal of the tasks. Both the Reading 
span test and the Directed forgetting task provide such a measure: participants can indeed recall words 
that were not in the last position in the Reading Span, or words that were to be forgetten in the 
Directed Forgetting.  






We suppose that children, as well as elderly participants, should produce a higher number of intrusion 
errors than young adults because of their inefficient inhibitory mechanisms.  
 
The Stroop Color and Hayling test, due to the high degree of activation of the irrelevant information, 
could be more demanding in terms of cognitive effort and resource required in order to suppress the 
irrelevant information, than the Directed Forgetting. Hence, we can make the hypothesis of more 
important age effects in the misleading tasks than in the distracting one.  
It is to note, nevertheless, that for all inhibitory/interference tasks, a relative difference score -
[(experimental condition – control condition) / control condition]- controlling for individual slowing 
will be also computed. Processing speed, indeed, accounts for a large part of the variance in cognitive 
tasks (Salthouse, 1991). Hence, even though for all these tasks the interaction Age by Condition 
should be obtained, the use of such a score controlling for the speed could annul the age differences 
expected.  
 
If inhibition is a single general mechanism, between task-correlations should be observed. On the 
other hand, if it is characterized by different functions, the Stroop and the Hayling tasks, belonging to 




V.4. CONTROL TASKS 
The status of different control tasks used varies somewhat.  
Some tasks are meant as control tasks in the strict sense, either to control for the general cognitive 
status, particularly with respect to older adults (e.g., Vocabulary, Raven’s Matrices, Verbal Fluency), 
or to bring some light on the results (e.g., reading speed, standardized reading comprehension tasks). 
In the latter case, they could be used as covariate.  
Other control measures can moderate the relationship between the tasks, and will be used not only as 
covariates, but also in the main multivariate analyses; this is particularly the case of processing Speed 
tasks. 
V.4.1. MILL HILL VOCABULARY TEST 
The vocabulary test has been administered only to adults to have both a direct measure of the 
crystallized intelligence, as well as an indirect one of the cognitive status of our participants. Referring 
to the hypothetical developmental curve of crystallized intelligence a similar performance between 
young and older adults is expected. A decline in the vocabulary level is, nevertheless, expected in old-
old participants, as this ability should decrease in very late adulthood.  






V.4.2. RAVEN TEST  
The Matrices test, a measure of the fluid intelligence, assesses the logical reasoning capacity. 
According to the hypothetical curve of the fluid intelligence (e.g., Baltes, 1987), an increase in 
children and a decrease in older participants is predicted.  
As mentioned above, this task has been presented as an indicator of the cognitive status of 
participants. 
V.4.3. READING SPEED TASK 
Four texts were presented with the instruction of reading them according to the own usual reading 
speed. No time limit was given. This test was primarily used to control for the response latencies and 
text reading time in the experimental reading comprehension test. As children and older adults are 
supposed to read more slowly than adults, the longer reading time and response latencies expected for 
these groups could be attributed to age-related differences in the reading speed and not to experimental 
manipulation (text presentation and type of question). Indeed, it could be the case that these variables 
could affect the results on text reading time and response latencies of the experimental reading 
comprehension test beyond the experimental hypotheses. Hence, the measure of reading speed will be 
used as a covariate in analyses on response latencies or reading time in the experimental reading 
comprehension task. 
V.4.4. STANDARDIZED READING COMPREHENSION TESTS 
Two standardized reading comprehension tests (one for children only and the other for adult) in which 
participants had to read texts and to answer to multiple-choice questions were also administered.  
The procedure adopted for these tasks was similar to the one used in the comprehension condition of 
the experimental reading comprehension task. Participants could, in other words, go back to the texts 
in the response phase. The presentation of these additional reading comprehension measures was to 
obtain a global measure of reading comprehension for children and for adults, and to assess their level 
compared to other samples.  
Age-related differences are expected between younger children and older ones: 12 year-olds children 
should have a better performance than 10 year-old ones as comprehension abilities should increase 
with age.  
Conversely, a decline in the comprehension ability should be observed in late adulthood only (for old-
old participants). In line with literature findings, when comprehension abilities are measured in an 
ecological or more naturalistic way, without taxing attentional resources, they remain stable till the 
fourth age; thus, a similar performance between young-old and young adults should be observed.  
Moreover, the two standardized tasks are expected to correlate with the global scores of the 
experimental reading comprehension task. Significant correlations between the standardized tests and 






the experimental one would ensure congruent validity for the latter, as a proper measure of reading 
comprehension skills.  
V.4.5. PROCESSING SPEED TASKS 
In the letter and pattern comparison participants had to decide as quickly as possible whether or not 
two couples of letters or two patterns were the same. With these two tests measuring the speed of 
processing of information, in this case visual one, its influence on cognitive performance was 
examined. Indeed, research on aging (e.g., Salthouse, 1991) and studies in the developmental ones 
(e.g., Kail & Park, 1994) identify in this process an important mediator of the age effect on the 
cognitive performance. An increase in childhood from 10 to 12 year-olds as well as a decline in 
elderly participants is presupposed.   








In this section results on group comparisons will be presented. For each task, analyses of variance 
comparing: 1) 10- 11 and 12-year-old children; 2) the sample A of young (young A) with children; 3) 
the sample B of young (young B)111 with the young-old and old-old on the dependent measures of 
interest will be presented. 
For the following analyses, age (age group) was the between-subject factor. All analyses were 
performed using SPSS Version 11. Post-hoc comparison for age-group mean differences used 
Dunnett’s T3 procedure to control Type 1 error rate (Sheskin, 1997). This procedure was chosen 
because it is robust when the homogeneity of variance assumption is violated. Alpha was set at .05 for 
all analyses. 
In Appendix A1.3, the sample included in all the analyses is reported. Although participants who had 
more than two missing data were excluded, as described in the sample section, in some tasks (for some 
participants) there were missing data due to failures mainly linked to the record of response latency. 
As we described in the material section, one of the main dependent variables considered was response 
time. 
 Because of the presence of positive skewness in response times (RT) distributions, especially for 
children and older adults data, median RTs for the correct trials were computed for each age group. 
This technique is, indeed, more appropriate, as compared to other data transformations112, because it is 
relatively uninfluenced by spuriously fast or slow RTs (Ulrich & Miller, 1994), and it is less sensitive 
to the number of extreme observations that is postulated to increase with age (Bunce, Warr & 
Cochrane, 1993). Moreover, for the RT-based measures, all the RTs associated with errors (voice key 
or incorrect responses) were eliminated. Finally, for some tasks, upper and lower thresholds were 
established. In particular for the Stroop Color Task, RTs less than 200 ms were eliminated because of 
the characteristic of the task (see the material section). For the Hayling task, an inferior threshold and a 
superior one were fixed: RTs less than 400 ms and greater than 7000 were excluded (in order to be 
sure of measuring inhibition and not lapses of attention). The different criteria used for the two tasks 
are due to the different nature of stimuli used: for the Stroop Color task words or signs to be named, 
and for the Hayling task sentences to be completed.  
                                                 
111 It is important to remind that the two groups of young (A and B) were entirely equivalent in all the dependent variables studied.  
112  “What statisticians have largely ignored is that such transformation necessarily change the meaning of interaction as measured by the 
analysis” (Smith, 1976). 






6.I. READING COMPREHENSION TEST 
I.1.  EXPERIMENTAL READING COMPREHENSION TEST 
READING TIMES 
Means, standard deviations for each age group, as a function of the text presentation conditions (2: 
comprehension vs memory) on median reading times are presented in Tables 13 and 14.  
Table 13. Experimental Reading Comprehension task: median 
reading times -ms- (means and standard deviations) by text 
comprehension condition (comprehension vs memory), and 
age group. 
  Text comprehension condition Texts A -> E  
  Comprehension Memory 
10 yo113 M 57017.61 67282.11 
 SD 21676.01 23680.43 
11 yo M 58767.56 63694.89 
 SD 18012.22 21897.42 
12 yo M 54927.71 55681.50 
 SD 23020.88 20892.23 
 
  Text comprehension condition Texts C -> H 
  Comprehension Memory 
Young B M 58503.30 66297.53 
 SD 15682.10 17444.91 
Young-old M 61551.18 73559.44 
 SD 21282.44 31286.28 
Old-old M 62698.53 69413.58 
 SD 21072.84 19281.03 
Table 14. Experimental Reading Comprehension task: median 
reading times -ms- (means and standard deviations) for 
common texts, by text comprehension condition 
(comprehension vs memory), and age group. 
  Text comprehension condition Texts C -> F 
  Comprehension Memory 
Children114 M 70398.15 71839.79 
 SD 25058.56 24029.74 
Young A M 47397.07 61703.94 
 SD 12279.86 16367.34 
Young B  M 51941.71 60070.94 
 SD 2581.07 2974.93 
Young-old M 53573.07 65195.95 
 SD 17689.34 24428.01 
Old-old M 53757.76 60648.65 
 SD 18382.99 18804.01 
 
                                                 
113 yo = year-olds 
114 As the comparison between children and young adults included only on a part of the texts that were presented (two texts by text 
presentation condition and not three) in the Experimental Reading Comprehension task, we decided to report also the mean of the children 
group.  





Repeated measure GLM analyses were conducted to examine the effect of age, text presentation 
condition (2: comprehension, memory) on median reading time (ms.).  
Considering that the reading speed, because of developmental changes supposed in this ability, could 
affect the results on reading times, ANCOVA115 analyses on reading times were also conducted with 
the mean number of words read in one sec. as covariate. 
 
Children (10- to 12- year-olds). 
Results showed only a marginal main effect of text presentation, F (1, 57) = 3.55, p = .06, ηp2 = .06 
(see Figure 12). Texts in the comprehension condition were more quickly read than text in the memory 



















Figure 11. Children sample. Experimental Reading Comprehension task: median reading times (ms) 
by text presentation condition and age. Errors bars represent standard deviations. 
 
 
ANCOVA analysis conducted with the mean number of words read in one sec. as covariate had a 
significant effect, F (1, 56) = 3.98, p < .001, ηp2 = .35. Parameter estimates showed that the covariate 
had an indirect effect on the text presentation condition (comprehension condition: β = -12144.45, p < 
.001; memory condition: β = -14994.17, p < .001). Indeed the marginal main effect of text condition 
presentation became non significant (see Figure 13). 
 
 
                                                 































Figure 12. Children sample. Experimental Reading Comprehension task: estimated marginal means, 




Young A and Children 116  
The main effects of age, F (1, 105) = 21.96, p < .001, ηp2 = .17, text presentation condition, F (1, 105) 
= 16.26, p < .001, ηp2 = .13, and the interaction Age X Text presentation condition, F (1, 105) = 1.86, 
p < .001, ηp2 = .09, were significant. Children had longer reading times than young A (Mdiff = 
16568.47, p < .001). Participants, independently of their age, spent more time reading texts in the 
memory condition than in the comprehension one (Mdiff = - 7874.24, p < .001).  
To test the Age X Text presentation condition interaction, planned comparisons were conducted. 
Results are graphically summarized in Figure 14. They showed that the median reading times were 
longer in the memory condition than in the comprehension one for young adults but not for children, F 
(1, 105) = 23.95, p < .001. Moreover, children had significantly longer reading times as compared to 
young, both in the comprehension, F (1, 105) = 33.28, p < .001, and in the memory, F (1, 105) = 6.12, 







                                                 
116 We remind the reader that the comparisons between children and young adults concerned only two texts by text presentation condition (2 
texts in the comprehension condition and 2 in the memory condition); thus analyses on response latencies and on correct answer and/or on 
errors have been conducted on 6 questions of detail and 6 questions of inference for each text presentation condition. Conversely the 
comparison within the children and between young and older adults concerned 3 texts by text presentation condition with 9 questions by type 
of questions.  
117 The critical F values, for the Bonferroni’s correction, are 6.43 (p < .05) and 9.54 (p < .01) 
 





















Figure 13. Young adults and Children. Experimental Reading Comprehension task: median reading 









ANCOVA analysis conducted on median reading times with the mean number of words read in one 
sec. as a covariate showed a significant effect, F (1, 103) = 33.01, p < .001, ηp2 = .24 (see Figure 15). 
Parameter estimates showed an indirect effect of the covariate on results (comprehension condition, β 
= -7936.23, p < .001, memory condition, β = -8706.04, p < .001). The main effect of text condition 
presentation and age became non significant. Nevertheless the interaction Age X Text presentation 




Figure 15. Young adults and Children Experimental Reading Comprehension task: estimated means, 





























Young B and Older Adults  
Only the main effect of text presentation condition was significant, F (1, 161) = 38.82, p < .001, ηp2 = 
.19. Participants spent more time reading text in the memory condition than in the comprehension one 










Figure 17. Young and Older adults. Experimental Reading Comprehension task: median reading times 
(ms) by text presentation condition and age group. 
 
ANCOVA analysis conducted with the mean number of words read in one sec. as a covariate yielded 
non significant results.  
 
 
RESPONSE TIMES BY TEXT PRESENTATION CONDITION AND TYPE OF QUESTION 
Because of problems in RTs distributions, which even lead to null correlations between mean and 
median response times, an exclusion criterion was applied to response times. Specifically, and for each 
age group, text presentation modalities, and type of question, the correct response times exceeding the 
90th percentile (see Appendix A.10.IV.) were excluded. In such way, the distribution of response times 
resulted to be normalized as indicated by the Kolmogorov-Smirnov non-parametric test.  
Furthermore, since for some participants, only 1 or 2 response times were valid118, the median 
response times by type of question and text presentation condition were computed only if they fulfilled 
the following:  
• if there was at least 45% of valid response times (corresponding to 4 valid response times), 
when the comparison included 3 texts by text presentation conditions (comparison young vs 
older participants and of 10- to 12-year-olds);  
• if there was at least 50% of valid response times (corresponding to 3 valid response times) 
when the comparison included 2 texts (comparison young vs children) by text presentation 
condition.  
                                                 



























Median response times calculated on 1 or 2 valid response times, in our opinion, are not representative 
of the real performance of the participant and would induce bias in the results interpretation. 
This procedure produced an important reduction in the number of response times considered for all the 
groups, particularly in children, as can be seen in Table 15.  
Thus, even though GLM repeated measures were run, they cannot be considered and interpreted as an 
inferential statistics, but rather exploratory and not representative. 
 
Means, standard deviations for each age group, as a function of text presentation conditions (2: 
comprehension vs memory), type of question (2: detail, memory), on median response latencies (ms.) 
are presented in Tables 15 and 16. 
 
Table 15. Experimental Reading Comprehension task: 
median response times (ms) (means and standard 
deviations) by text comprehension conditions, type of 
question, and age group. 
  Comprehension Memory 
  Detail Inference Detail Inference 
10 yo M 4887.10 6491.10 4635.80 5781.50 
N=5 SD 646.45 1986.35 1059.49 1049.39 
11 yo M 4457.75 5091.66 4225.58 4883.83 
N=6 SD 365.86 1232.82 976.66 1318.35 
12 yo M 4763.00 6546.08 4069.17 4044.33 
N=6 SD 108.34 2512.56 885.19 686.84 
 
  Comprehension Memory 
  Detail Inference Detail Inference 
Young B M 3143.52 3262.79 2610.02 2914.70 
N=33 SD 525.71 743.75 428.69 588.57 
Young-old M 3073.52 3646.98 3143.74 3073.74 
N=29 SD 802.17 1151.29 936.21 642.23 
Old-old M 3048.46 3144.12 3352.74 3239.06 
N=25 SD 677.24 857.57 902.40 980.41 
 






Table 16. Experimental Reading Comprehension task: 
median response times (ms) (means and standard 
deviations) for common texts, by text comprehension 
conditions, type of question, and age group. 
  Comprehension Memory 
  Detail Inference Detail Inference 
Children M 5603.47 5997.21 4423.34 4819.10 
 SD 1518.75 2485.56 1037.78 1240.97 
Young A M 3341.45 3500.47 2815.22 2942.82 
 SD 868.93 993.14 651.54 753.38 
Young B M 3304.08 3484.91 2628.13 2926.28 
 SD 545.13 768.82 338.02 464.82 
Young-old M 4106.43 4597.95 4191.28 4212.48 
 SD 1323.04 1398.61 14469.78 1370.73 
Old-old M 4065.26 4381.33 4360.14 4204.99 
 SD 1172.70 1372.36 1361.43 1525.01 
 
 
Repeated measure GLM analyses were conducted to examine the effect of age, text presentation 
condition (2: comprehension, memory), type of question (2: detail, inference) on median response 
latency data (ms). 
 
As for the analyses on text reading times, ANCOVA119 analyses on median response times by text 
presentation condition, and type of question were conducted with the mean number of words read in 
one second as covariate to control for its contribution. Indeed, although the length of question has been 
carefully controlled, the software used did not permit to dissociate question response times from 
questions reading times; hence, the reading speed could nonetheless affect the results. 
 
Children (10- to 12- year-olds). 
Only, the main effect of text presentation condition, F (1, 14) = 8.84, p < .05, ηp2 = .38, and of type of 
question, F (1, 14) = 24.68, p < .001, ηp2 = .64, was significant. Response time to questions was faster 
in the memory condition than in the comprehension one (Mdiff = -766.08, p < .01). Children also 









                                                 









Figure 17. Children sample. Experimental Reading Comprehension task: median response times (ms) 
by text presentation condition, type of question, and age group. 
 
 
ANCOVA analysis conducted on median response times with the mean number of words read in one 
sec. as a covariate showed a significant effect, F (1, 13) = 6.12, p < .05, ηp2 = .32 (see Figure 18). 
Parameter estimates showed that the covariate had an indirect effect on response time by text 
presentation condition and type of question (comprehension condition: detail, β = -441.79, p = .08, 
inference, β = -1213.01, p = .06; memory condition, detail, β = -605.59, p < .05, inference, β = non 


















Figure 18. Children sample. Experimental Reading Comprehension task: estimated marginal means, 
controlled for reading speed, for the median reading times (ms), by text presentation condition, type of 
question, and age group. 
 
 
Young A and Children 
The main effect of age, F (1, 46) = 32.08, p < .001, ηp2 = .41, and of text presentation condition, F (1, 
46) = 21.03, p < .001, ηp2 = .31, was significant. Moreover, there was a marginal effect of type of 
question, F (1, 46) = 3.55, p = .06, ηp2 = .07. Results are graphically summarized in Figure 19. 





Children responded slower than young adults (Mdiff = 1636.74, p <. 001). In addition, responses were 
faster in the memory condition (Mdiff = -793.27, p <. 001) than in the comprehension condition. 
Finally, both children and young adults had shorter response times for detail questions compared with 
inferential questions (Mdiff = -272.28, p = .06). 
 
 
Figure 19. Young adults and Children. Experimental Reading Comprehension task: median response 
times (ms) by text presentation condition, type of question, and age group. 
 
ANCOVA analysis conducted on median response times with the mean number of words read in one 
sec. as a covariate showed a significant effect, F (1, 44) = 8.36, p < .01, ηp2 = .16 (see Figure 20). 
Parameter estimates showed an indirect effect of the covariate on median response times 
(comprehension condition: detail, β = -282.83, p < .05, inference, β =non significant; memory 
condition, detail, β = -224.25, p < .01, inference, β =  -247.05, p < .05). The marginal main effect of 
type of question became non significant and the strength of the age effect, F (1, 44) = 21.22, p < .001, 




Figure 19. Young adults and Children. Experimental Reading Comprehension task: estimated 
marginal means, controlled for reading speed, for median reading times (ms) by text presentation 









Young B and Older Adults  
The main effect of text presentation condition, F (1, 84) = 4.34, p < .05, ηp2 = .05, and of type of 
question, F (1, 161) = 6.57, p < .01, ηp2 = .07, was significant. Responses were slower in the 
comprehension condition (Mdiff = 164.23, p <. 05) than in the memory condition. Participants spent 
more time to answer to inferential questions than to detail questions (Mdiff = 151.56, p <. 05). In 
addition, the following interactions were significant: Age X Text presentation condition, F (2, 84) = 
5.61, p < .001, ηp2 = .12, and Age X Text presentation condition X Type of question, F (1, 84) = 3.87, 
p < .05, ηp2 = .08. Results are graphically summarized in Figure 21. 
To test the interactions, planned comparisons were conducted to assess the Age X Text presentation 
condition effect, the Age X Type of question, and Text presentation condition X Type of question for 
each group. 
The Age X Text presentation interaction was significant for the detail questions, F (2, 84) = 7.26, p < 
.001, but not for the inferential questions. In the memory condition, but not in the comprehension one, 
young adults responded faster to detail question, than young-old, F (2, 84) = 7.39, p < .001, and than 
old-old, F (2, 84) = 13.19, p < .001, which did not differ from each other. Moreover, the difference in 
response latencies for the detail questions between the two text presentation conditions was significant 
only for young adults, F (1, 84) = 12.27, p < .001. Young-old and old-old did not show a significant 
difference in response latencies for detail questions between the two experimental text presentation 
conditions.  
The Age X Type of question interaction was significant only for the comprehension condition, F (2, 
84) = 3.16, p < .05. Young-old showed, contrary to the other two groups, longer response times for 
inference questions than for detail questions in the comprehension condition, F (1, 84) = 14.44, p < 
.001. In addition, response latencies in inferential questions were significantly slower than in detail 
questions for young-old as compared to young, F (1, 84) = 4.82, p < .05, and for young-old as 
compared to old-old, F (1, 84) = 4.64, p < .05, in the comprehension condition. Finally the difference 
between the two type of questions was significant in the comprehension condition, F (1, 84) = 8.62, p 
< .001, but not in the memory for text condition. 
Figure 20. Young and Older adults. Experimental Reading Comprehension task: median response 
times (ms) by text presentation condition, type of question, and age group. 





ANCOVA analysis conducted with the mean number of words read in one sec. as a covariate did not 
affect the results.  
 
PROPORTION OF CORRECT ANSWERS BY TEXT PRESENTATION CONDITION AND TYPE OF QUESTION120 
Repeated measure GLM analyses were conducted to examine the effect of age, of text presentation 
condition (2: comprehension, memory), and of type of question (2: detail, inference) on the proportion 
of correct answers121. For descriptive statistics see Tables 17 and 18.  
Table 17. Experimental Reading Comprehension task: 
proportion of correct answers (means and standard 
deviations) by text comprehension condition, type of 
question, and age group. 
  Comprehension Memory 
  Detail Inference Detail Inference 
10 yo M .79 .61 .65 .63 
 SD .13 .16 .17 .17 
11 yo M .85 .68 .69 .65 
 SD .09 .15 .13 .12 
12 yo M .88 .70 .77 .71 
 SD .12 .14 .13 .15 
 
  Comprehension Memory 
  Detail Inference Detail Inference 
Young B M .91 .79 .85 .73 
 SD .09 .12 .12 .15 
Young-old M .89 .75 .76 .65 
 SD .09 .14 .13 .18 
Old-old M .84 .70 .75 .58 
 SD .12 .14 .17 .18 
 
Table 18. Experimental Reading Comprehension task: 
proportion of correct answers (means and standard 
deviations) for common texts, by text comprehension 
condition, type of question, and age group. 
  Comprehension Memory 
  Detail Inference Detail Inference 
Children M .78 .49 .57 .50 
 SD .18 .25 .23 .24 
Young A M .90 .82 .87 .80 
 SD .10 .18 .10 .20 
Young B M .93 .82 .87 .75 
 SD .10 .13 .13 .17 
Young-old M .90 .77 .79 .65 
 SD .13 .18 .17 .21 
Old-old M .87 .72 .70 .58 
 SD .17 .18 .24 .21 
 
                                                 
120 Analyses on the total number of correct answers are presented in Appendix, section A.5.I. 
121 The score used also included partially correct answers, that is, those answers that could not be considered completely correct because an 
element was missing.  





Children (10- to 12- year-olds). 
The main effect of age, F (2, 57) = 4.91, p < .05, ηp2 = .14, of text presentation condition, F (1, 57) = 
13.05, p < .001, ηp2 = .19, of type of question, F (1, 57) = 76.05, p < .05, ηp2 = .57, as well as the 
interaction Text presentation condition X Type of questions, F (1, 57) = 24.49, p < .001, ηp2 = .30, 
were significant. Results are graphically summarized in Figure 22.  
Older children answered correctly more questions than 10 year-old children (Mdiff = .09, p <. 01). In 
the comprehension condition, children produced a higher proportion of correct answers than in the 
memory condition (Mdiff = .06, p <. 001). Concerning the type of question, children responded more 
correctly to detail questions than to inferential questions (Mdiff = .11, p <. 001).  
To test the interaction, planned comparisons were used. Results indicated that the proportion of correct 
answers was higher for the detail questions than for the inferential questions in the comprehension 
condition, F (1, 57) = 92.90, p < .001, but not in the memory for text condition. Moreover, the 
proportion of correct answers was significantly more important in the comprehension condition 





Figure 21. Children sample. Experimental Reading Comprehension task: mean proportion of correct 





Young A and Children 
Results showed a main effect of age, F (1, 105) = 86.91, p < .001, ηp2 = .45, of text presentation 
condition, F (1, 105) = 11.76, p < .01, ηp2 = .10, of type of question, F (1, 105) = 84.96, p < .001, ηp2 
= .45. Furthermore, the interactions Age X Type of question, F (1, 105) = 11.50, p < .01, ηp2 = .10, 
Text presentation condition X Type of question, F (1, 105) = 14.48, p < .001, ηp2 = .12, and Age X 
Text presentation condition X Type of question, F (1, 105) = 7.76, p < .01, ηp2 = .07, were significant 
(see Figure 23). 
                                                 
122 The critical F values, for the Bonferroni’s correction, are 6.64 (p < .05) and 9.96 (p < .01) 
 





Young participants had higher comprehension scores than children (Mdiff = -.26, p <. 001). In the 
comprehension condition, participants reached a more important proportion of correct answers 
compared to the memory condition (Mdiff = .071, p <. 01). Moreover the detail questions were more 
correctly answered than the inferential ones (Mdiff = .13, p <. 001).  
Planned comparisons were conducted to assess the Age X Text presentation, the Age X Type of 
question, and Text presentation condition X Type of question interactions.  
The interaction Age X Text presentation condition was significant for the proportion of correct 
answers in the detail questions, F (1, 105) = 10.18, p < .001, but not in the inferential questions. 
Young responded more accurately to the detail questions than children, both in the comprehension 
condition, F (1, 105) = 20.36, p < .001, and in the memory condition, F (1, 105) = 47.54, p < .01. 
Children, but not young adults, produced more correct answers for the detail questions as compared to 
the inferential ones, in the comprehension condition than in the memory condition, F (1, 105) = 41.80, 
p < .01.  
The Age X Type of question interaction indicated that young adults answered more accurately both 
detail questions, F (1, 105) = 59.43, p < .001, and inferential questions, F (1, 105) = 79.80, p < .001. 
Children, but not young, answered to detail questions more accurately than to inferential questions in 
the comprehension condition, F (1, 105) = 106.19, p < .001, but not in the memory condition. 
Moreover, the type of questions affected more children than young adults in the comprehension 
condition, F (1, 105) = 19.99, p < .01, but not in the memory condition. The proportion of correct 
answers for the detail questions, but not for inferential questions, decreased significantly between the 
comprehension and the memory condition, F (1, 105) = 28.93, p < .001123. 
  
 
Figure 22. Young adults and Children. Experimental Reading Comprehension task: total proportion of 




                                                 
123 The critical F values, for the Bonferroni’s correction, are 8.18 (p < .05) and 11.38 (p < .01) 





Young B and Older Adults  
The main effect of age, F (2, 161) = 18.61, p < .001, ηp2 = .19, Text presentation condition, F (1, 161) 
= 84.00, p < .001, ηp2 = .34, and Type of question, F (1, 161) = 176.91, p < .001, ηp2 = .53 was 
significant. In addition, the interaction Age X Text presentation condition, F (1, 161) = 4.27, p < .001, 
ηp2 = .06, was significant. Dunnett’s T3 post hoc showed that young responded more correctly than 
young-old (Mdiff = .06, p <. 01) and old-old (Mdiff = .11, p <. 001). Young-old also differed 
significantly from old-old with a higher proportion of correct answers (Mdiff = .06, p <. 01). The 
proportion of correct answers was higher in the comprehension condition than in the memory 
condition (Mdiff = .10, p <. 001) and for detail questions as compared to inferential questions (Mdiff = 
.12, p <. 001). Results are graphically summarized in Figure 24. 
To test the Age X Text presentation interaction, planned comparisons were conducted. Results showed 
that the comprehension condition yielded more correct answers than the memory condition for young, 
F (1, 161) = 7.32, p < .01, young-old, F (1, 161) = 4.27, p < .001, and old-old, F (1, 161) = 5.71, p < 
.001. In the comprehension condition, young and young-old did not differ, whereas the old-old were 
outperformed both by the young, F (1, 161) = 14.84, p < .001, and young-old, F (1, 161) = 7.30, p < 
.001.  
In the memory condition, a clear decline in comprehension performance was found. Young adults 
answered to more correct questions than old-old, F (1, 161) = 32.72, p < .001, and also young-old, F 
(1, 161) = 10.79, p < .001. In addition, young-old produced more correct answers than old-old, F (1, 
161) = 12.73, p < .001. 
 
Figure 23. Young and Older adults. Experimental Reading Comprehension task: total proportion of 




To control for the vocabulary (verbal abilities) contribution to comprehension performance, ANCOVA 
analyses with the vocabulary score as covariate were conducted on the total proportion of correct 
answers by text presentation condition, and type of question. 





ANCOVA124 analysis conducted, on the proportion of correct answers, with vocabulary as a covariate 
showed a significant effect, F (1, 160) = 13.65, p < .001, ηp2 = .08 (see Figure 25). Vocabulary had a 
direct influence on the comprehension performance (comprehension condition: detail, β = -.009, p < 
.001, inference, β = .007, p < .05; memory condition, detail, β = .008, p < .05, inference, β = .008, p < 
.05). The main effects became non significant except for the interaction Age X Text presentation 




 Figure 24. Young and Older adults. Experimental Reading Comprehension task: estimated means for 
the percentage of correct answers by age group. Error bars represent standard errors. 
 
 
PROPORTION OF ERRORS BY TEXT PRESENTATION CONDITION AND TYPE OF QUESTION 
Repeated measure GLM analyses were conducted to examine the effect of age, text presentation 
condition (2: comprehension, memory) and type of question (2: detail, inference) on the proportion of 
errors.125 For descriptive statistic see Tables 19 and 20.  
 
Table 19. Experimental Reading Comprehension task: 
proportion of errors (means and standard deviations) by 
text comprehension condition, type of question, and age 
group. 
 
  Comprehension Memory 
  Detail Inference Detail Inference 
10 yo M .20 .38 .34 .38 
 SD .14 .17 .17 .17 
11 yo M .15 .30 .30 .36 
 SD .09 .15 .13 .13 
12 yo M .11 .29 .23 .28 
 SD .11 .15 .13 .15 
                                                 
124 ANCOVA analyses were allowed because of the absence of an interaction between the covariate and the grouping variable (see 
Appendix, section A.10.VI.). 
 
125 Analyses of errors and of correct answers are not complementary. Indeed, errors correspond to incorrect answers only, and not to answer 
that could be considered as partially correct. 






  Comprehension Memory 
  Detail Inference Detail Inference 
Young B M .07 .21 .12 .25 
 SD .09 .12 .11 .15 
Young-old M .09 .24 .21 .35 
 SD .10 .14 .14 .18 
Old-old M .14 .29 .31 .44 
 SD .15 .16 .21 .22 
 
Table 20. Experimental Reading Comprehension task: 
proportion of errors (means and standard deviations) for 
common text, by text comprehension condition, type of 
question, and age group. 
  Comprehension Memory 
  Detail Inference Detail Inference 
Children M .21 .38 .41 .50 
 SD .18 .25 .23 .25 
Young A M .09 .20 .16 .20 
 SD .12 .16 .18 .22 
Young B M .05 .10 .11 .23 
 SD .10 .13 .13 .18 
Young-old M .07 .19 .19 .34 
 SD .12 .17 .17 .21 
Old-old M .12 .30 .29 .45 
 SD .16 .25 .25 .23 
 
Children (10- to 12- year-olds). 
The main effect of age, F (2, 57) = 5.12, p < .01, ηp2 = .15, of Text presentation condition, F (1, 57) = 
17.52, p < .001, ηp2 = .23, and of Type of question, F (1, 57) = 68.26, p < .001, ηp2 = .54, was 
significant. Moreover, the interaction Text presentation condition X Type of questions, F (1, 57) = 
17.72, p < .001, ηp2 = .23, was significant. Results are graphically summarized in Figure 26. 
Ten year-olds children committed more errors than 12 year-olds ones (Mdiff = .09, p <. 01). A higher 
proportion of errors was done in the memory condition than in the comprehension one (Mdiff = .07, p 
<. 001), and for the inferential questions than for the detail questions (Mdiff = -.11, p <. 001).  
To test the interaction, planned comparisons were used. Results showed that more errors were 
committed in the inferential question than in the detail questions in the comprehension condition, F (1, 
57) = 8.20, p < .001, but not in the memory one. The memory condition presented a greater proportion 
of errors than the comprehension condition for the detail questions F (1, 57) = 41.09, p < .001, but not 
for inferential questions. 


















Figure 25. Children sample. Experimental Reading Comprehension task: total proportion of errors by 




Young A and Children 
Results showed a main effect of age, F (1, 105) = 72.79, p < .001, ηp2 = .41, of text presentation 
condition, F (1, 105) = 14.07, p < .01, ηp2 = .12, and of type of question, F (1, 105) = 78.91, p < .001, 
ηp2 = .43, was significant. Moreover, the interactions Age X Type of question, F (1, 105) = 11.82, p < 
.01, ηp2 = .10, Text presentation condition X Type of question, F (1, 105) = 16.92, p < .001, ηp2 = .14, 
and Age X Text presentation condition X Type of question, F (1, 105) = 4.16, p < .05, ηp2 = .04, were 
significant. Results are summarized in Figure 27. 
Children committed more errors than young (Mdiff = .24, p <. 001). In the memory condition 
participants were less accurate than in the comprehension one (Mdiff = .07, p <. 001), with a higher 
proportion of errors in the inferential questions than in the detail ones (Mdiff = .13, p <. 001).  
Results are graphically summarized in Figure 27. 
To test the interactions planned comparisons were conducted. The difference in the proportion of 
errors between the two text presentation conditions was significant for children, F (1, 105) = 17.97, p 
< .01, but not for young. Children produced more errors than young both in the comprehension 
condition, F (1, 105) = 44.97, p < .001, and in the memory one, F (1, 105) = 53.83, p < .001. The 
proportion of errors in the inferential questions was more important than in the detail questions both 
for children, F (1, 105) = 86.41, p < .001, and young, F (1, 105) = 13.21, p < .01. In both types of 
questions, children committed more errors than young (detail questions, F (1, 105) = 48.29, p < .001; 
inferential questions, F (1, 105) = 67.17, p < .001). Participants were more impaired in answering to 
the inferential questions than to detail questions in the comprehension condition, F (1, 105) = 89.30, p 
< .001, but not in the memory condition. The proportion of errors was higher in the memory condition 
than in the comprehension condition, for detail questions, F (1, 105) = 28.93, p < .01, but not for 
inferential questions.  






Figure 26. Young adults and children. Experimental Reading Comprehension task: total proportion of 
errors by text presentation condition, type of question, and age group. 
 
 
Young B and Older Adults  
The main effect of age, F (2, 161) = 23.43, p < .001, ηp2 = .22, of Text presentation condition, F (1, 
161) = 87.20, p < .001, ηp2 = .35, and of Type of question, F (1, 161) = 195.23, p < .001, ηp2 = .55, 
were significant. Furthermore, the interaction Age X Text presentation condition was significant, F (2, 
161) = 7.09, p < .001, ηp2 = .09.  
Dunnett’s T3 post comparisons yield the following. Young committed fewer errors than young-old 
(Mdiff = -.07, p <. 01) and old-old (Mdiff = -.13, p <. 001). In addition, old-old differed significantly 
from young-old (Mdiff = .07, p <. 01), with a more important proportion of errors. From the 
comprehension condition to the memory condition, the proportion of errors increased significantly 
(Mdiff = .08, p <. 001) and participants committed more errors in answering to inferential questions 
than to the detail questions (Mdiff = .13, p <. 05). Results are graphically summarized in Figure 28. 
To test the interactions, planned comparisons were conducted. In the memory condition, the 
proportion of errors was more important than in the comprehension condition for young-old, F (1, 
161) = 37.94, p < .001, and for old-old, (1, 161) = 64.47, p < .001, but not for young. Young-old and 
old-old committed more errors than young in the memory condition, respectively F (1, 161) = 15.12, p 
< .001 and F (1, 161) = 27.63, p < .001. Moreover, in the comprehension condition whereas old-old 
committed more errors than young, F (1, 161) = 15.54, p < .001, and young-old, (1, 161) = 7.61, p < 
.01, the performance between young and young-old was equivalent. Conversely, in the memory 
condition both old-old and young-old produced more errors than young adults, respectively F (1, 161) 
= 43.47, p < .001 and F (1, 161) = 11.24, p < .001. As for the comprehension condition, old-old were 
more impaired than young-old, F (1, 161) = 12.73, p < .001. 
 








Figure 27. Young and Older adults. Experimental Reading Comprehension task: mean proportion of 
errors by text presentation condition, type of question and age group. 
 
 
ANCOVA analysis conducted on the mean proportion of errors with vocabulary as a covariate showed 
a significant effect, F (1, 160) = 1.25, p < .01, ηp2 = .06 (see Figure 29). The level of vocabulary 
influenced indirectly the comprehension performance (comprehension condition: detail, β = -.008, p < 
.01, inference, β = -.007, p < .05; memory condition, detail, β = -.007, p = .058, inference, β = -.006, p 
= .16). The main effects and the interaction became non significant except for the age effect which was 
strengthened, F (2, 160) = 29.71, p < .001, ηp2 = .27, and the interaction Age X Text presentation 
condition, F (2, 160) = 5.69, p < .01, ηp2 = .06.  
 
 
Figure 28. Young and Older adults. Experimental Reading Comprehension task: estimated means of 
the percentage of errors by text presentation condition and age group. 
 
 





SUMMARY OF RESULTS IN THE EXPERIMENTAL READING COMPREHENSION TASK  
Results indicated that the text presentation condition affected the text reading time as we had 
hypothesized. Reading times were longer in the memory condition than in the comprehension 
condition within the children group and when older adults were compared to young adults. 
Nonetheless, the text presentation condition affected young’s reading times more than that of children. 
This larger difference could be due either to developmental difference in reading speed, or to the lower 
reading experience of children that forces them to read the two texts. To verify if the results obtained 
are due to experimental manipulation or to individual differences in reading speed, this last variable 
was used as a covariate. The results of the comparison between children and young adults were 
affected by the reading speed. However, the interaction Age X Text presentation condition remainded 
significant.  
Concerning the response times, results must be taken with caution, as it was mentioned, because of the 
reduction of sample size due to the response time threshold criteria adopted. This is especially the case 
within the children sample. Both the text presentation condition and type of question affected the 
response times, participants had longer response times in the comprehension condition and in 
answering to inferential questions as expected. When the text remains on the screen during the 
response phase, the reader looks at the text in order to find information, or to better understand it. 
Looking back to the text allows to establish local or global coherence with the generation of 
inferences. On the contrary, in the memory conditions, the reader has to rely on his text representation 
(mental model) in memory to answer to questions. Furthermore, and in agreement with our 
hypotheses, inferential questions required longer response latencies because they are more cognitively 
demanding than detail questions. The reader has to make the whole representation of the texts 
available to retrieve and answer inferential questions. Indeed as it was presented in the theoretical 
section, inferential processes are essential to build of a coherent and global representation of the text.  
Developmental differences were observed between children and young adults: children showed 
globally longer response times than young adults. Controlling for reading speed, results indicated that 
age-related differences were in part due to age-related differences in reading speed. Nevertheless, 
neither the text presentation condition nor the type of question affected children more than young 
adults in response times. 
Age differences between young and older adults were observed only for response latencies in detail 
questions. Detail questions had longer response times than inferential questions, but only in the 
memory condition. Only young adults, and not elderly participants, showed shorter response times in 
the memory condition compared with the comprehension condition for detail questions. It is also 
interesting to note that the type of questions influenced the response latencies in the comprehension 
condition, but not in the memory one: with longer response latencies for inferential questions than for 





detail questions. Inferential questions in the comprehension condition seem to affect more young-old 
than young and old-old. 
Concerning the percentages of correct answers (including semi-correct answers) and errors, clear 
developmental changes emerged. Twelve year-old children reached a higher level of comprehension 
and committed fewer errors than 10 year-olds. The text presentation condition and type of questions, 
nonetheless, seemed to affect to the same extent younger and older children, with a more important 
proportion of correct answers in both the comprehension condition and detail questions.  
Age differences between children and young adults emerged in the proportion of correct answers126 
both for the inferential questions, and for the detail questions. Indeed, young adults showed higher 
comprehension performance than children in both types of questions. Additionally, children were 
more affected than young adults by the text presentation condition but only for detail questions: their 
percentage of correct answers for detail questions decreased significantly from the comprehension 
condition to the memory condition. The text presentation condition for the inferential questions, 
however, impaired to the same extent children and young comprehension abilities. As descriptive 
statistics showed (see Table 11), the use of common texts, for the comparison between young and 
children, lead to ceiling effects in young adults.  
The Age X Text presentation condition found in the comparison between young and older adults, 
indicated that old-old participants were more affected than young-old, and of course, than young 
adults in answering questions correctly. As expected, the young-old and young adults showed similar 
comprehension abilities in the comprehension condition. A decline with increasing age was found in 
the memory condition where the proportion of correct answers of young-old also differed from the 
young performance. It is important to underscore that the performance of old-old adults differed 
significantly in both text presentation conditions from both young adults and young-old ones.  










                                                 
126 Although correct answers computation included also partial correct answers, we will comment results on the proportion of correct 
answers as the same patterns of results were obtained for the analyses on the proportion of errors. Due to the inclusion of partially correct 
answers in the proportion of correct answers, the sum between the proportion of correct answers and errors is not 1.  





I.2. NELSON-DENNY TEST127 
Means, standard deviations for the total number of correct answers by age group are presented in 
Table 21. 
A one-way Anova was used to examine the effect of age on comprehension performance in the 
Nelson-Denny test. The main effect of age on the total number of correct responses was significant, 
F(2, 161) = 6.68, p < .01, ηp2 = .08. Post-hoc comparison using Dunnett’s T3 indicated that the mean 
difference between the young and the old-old groups was significant (Mdiff = 2.18, p = .001) (see 
Figure 30 and Table 21). The group of young-old adults, on the contrary, performed as efficiently as 
the group of young adults. Young-old and old-old did not significantly differ. 
 
Table 21. Nelson-Denny Test: descriptive statistics for 
the total number of correct answers (means, standard 
deviations and reliability coefficient calculated with 
Cronbach’s alpha over texts) by age groups 
 
 M SD α 
Young B 19.61 2.79 .58 
Young-old 18.50 2.67 .52 
Old-old 17.43 3.48 .55 
All   .51 
 
 
Figure 29. Young and Older adults. Nelson-Denny test: Mean number of correct answers by age 
group. Error bars represent SD. 
 
 
Analysis of covariance with the Mill-Hill score (vocabulary test) as covariate variable on the mean 
number of correct answers was conducted to control for the vocabulary influence on comprehension 
performance. The vocabulary level significantly influenced the comprehension performance, F(1, 159) 
= 5.58, p < .01, ηp2 = .07 (see Figure 31). Parameter estimates indicated a direct effect of the covariate 
on the comprehension performance, β = .18, p < .05. 
                                                 































The significant main effect of age, F(2, 159) = 8.16, p < .01, ηp2 = .09, indicated that, once controlled 
for the vocabulary level, young adults reached a higher comprehension performance with respect not 
only to the old-old (Mdiff = 3.22, p = .001), but also to the young-old (Mdiff = 2.20, p = .001) (see 
Figure 30).  
 
 
Figure 30. Young and Older adults. Nelson-Denny test: Estimated marginal means by age group. 
Error bars represent standard errors. 
 
A comparison with the results obtained by Ehrlich et al. (1994) with a group of young adults (mean 
age = 23.2, sd = 2) and older participants (mean age = 66.0, sd = 4.9) on the Nelson-Denny test was 
also conducted. Results revealed that Ehrlich’s participants had a lower level of comprehension than 
our participants did (young comparisons, t = 2.51, df = 75, p < .01; young-old vs older participants, t = 
2.68, df = 90, p < .001).  
 
 
SUMMARY OF RESULTS: READING COMPREHENSION IN ADULTHOOD 
Reading comprehension skills seem at least to be preserved until late adulthood and decline to only in 
late adulthood (in the old-old group), supporting the pattern of results observed in the comprehension 
condition of the Experimental Reading Comprehension task. The similar comprehension ability 
between the young and the young-old participants converge towards an interpretation. The young-old, 
contrary to old-old, might compensate the age-related decline in the so-called cognitive primitives 
(e.g. working memory) with a larger reading experience and because of their verbal knowledge. 
Indeed, once controlled for vocabulary (ANCOVA analysis) young-old comprehension performance 










I.3. ORLEC (L4) TEST 128 
Means, standard deviations for the percentage of correct answers by age group, are presented in Table 
22. 
A one-way analysis of variance with Age (10- to 12 year-olds) as the between-subjects factor was 
conducted on the percentage of correct answers. Results showed a significant main effect of age, F(2, 
57) = 4.10, p < .05, ηp2 = .13 (see Figure 32). Dunnett’s T3 post-hoc showed that the group of children 
aged 12 performed significantly higher than 10 year-old children (Mdiff = 16.25, p = .023) (see Table 
21). On the contrary, the 11 year-old children had comprehension abilities that did not significantly 
differ from those of the 10 and 12 year-olds.  
 
Table 22. Orlec (L4) test: descriptive statistics for the 
percentage of correct answers (Mean and Standard 
Deviation) by age group. 
 M SD 
10 yo 66.67 22.75 
11 yo 80.00 16.45 








Reading comprehension skills develop from 10 year-old to 12 year-olds. However, no developmental 
differences were observed between 10 to 11-year-olds and 11 to 12-years-olds, confirming the pattern 
of results of the Experimental Reading Comprehension task. 
                                                 
128 This test was presented only to children. 
Orlec (L4) Test






























6.II. WORKING MEMORY TASKS 
II.1. READING SPAN TEST 
The Reading Span test provided a measure of the working memory capacity.  
First, analyses were conducted on the mean number of words correctly recalled (independently of the 
presentation order) and on the mean number of correct items for the Reading Span task. Moreover, the 
median judgment times for correct responses for the semantic judgment in the simple condition and in 
the dual condition were also analyzed.  
Analyses focused on the performance obtained by participants throughout the whole task (from class 2 
to 5) independently from the Level of difficulty129.  
Reliability indices (split-half method) for the Semantic Judgment times, for the mean number of words 
correctly recalled and for the number of correct items by age group, are presented in Appendix 
(section, A.11.I).  
 
MEAN NUMBER OF CORRECTLY RECALLED WORDS 
To assess working memory span, the mean number of words correctly recalled was computed 
independently of the presentation order130, from class 2 to 5. 
Means, standard deviations for the effects of age on the mean number of words correctly recalled are 
presented in Table 23, and graphically displayed in Figure 33. 
Table 23. Reading Span Test: mean number of words correctly 
recalled (means and standard deviations) by age group.  
  Mean number of words correctly recalled131 
10 yo M 2.34 
 SD .42 
11 yo M 2.58 
 SD .37 
12 yo M 2.69 
 SD .34 
Young A M 2.95 
 SD .39 
Young B M 2.98 
 SD .32 
Young-old M 2.65 
 SD .47 
Old-old M 2.47 
 SD .46 
 
  
                                                 
129 Analyses on the mean number of correct words, correct items, and median judgment times by Level of difficulty are presented in 
Appendix, section A.7 
130 A previous study conducted using the same task has shown that the difference between the recall in order or not consists in a global score 
reduction when the order is considered (de Ribaupierre et al., 1997). 
131 Maximum = 3.5 words  





Analyses of variance were conducted on the mean number of correct words recalled with age as fixed 
between-subject factor.  
 
Children (10- to 12- year-olds). 
The main effect of age was significant, F (2, 57) = 3.39, p < .05, ηp2 = .12, with 12 year-olds recalling 
more words than 10 year-olds (Mdiff = .34, p < .05), as demonstrated in Tukey’s post-hoc. Ten and 
eleven years old as well as 11 and 12 year-olds did not differ. 
 
Young A and Children 
The main effect of age was significant, F (1, 105) = 27.52, p < .001, ηp2 = .21. Children recalled fewer 
correct words than young (Mdiff = -.39, p < .001). 
 
Young B and Older adults  
The main effect of age was significant, F (2, 161) = 9.03, p < .001, ηp2 = .1. Dunnett’s T3 indicated 
that young recalled more correct words than young-old (Mdiff = .22, p < .05) and old-old (Mdiff = .38, 





















CORRECT ITEMS  
In the Reading Span task, an item was defined by series of 2 to 5 sentences with the number of 
sentences defining the level of difficulty. An item was considered correct if all the last words of each 
series of sentences were correctly recalled. The mean number of correct items succeeded was 
computed by dividing the number of correct items of each class (4 always) by the number of items in 
each class of difficulty (class 1 was also considered in this computation even if it was not 
administered).  
 
Means, and standard deviations by age group on the mean number of items correct are presented in 
Table 24 and graphically displayed in Figure 34. 
Table 24. Reading Span Test: mean number of succeeded 
items (means and standard deviations) by age group.  
  Mean number of succeeded items  
10 yo M 2.65 
 SD .79 
11 yo M 3.05 
 SD .78 
12 yo M 3.25 
 SD .65 
Young A M 3.71 
 SD .85 
Young B M 3.84 
 SD .62 
Young-old M 3.29 
 SD .80 
Old-old M 2.94 




Analyses of variance (ANOVA) were conducted with the mean number of items correctly succeeded 
as dependent variable and age as fixed factor. Results are summarized in Figure 23. 
 
Children (10- to 12- year-olds). 
The effect of age was not significant. Children from 10- to 12-year-olds did not differ on the mean 
number of items succeeded (see Figure 34). 
 
Young A and Children 
There was a main effect of age, F (1, 104) = 27.29, p < .001, ηp2 = .21, with children succeeding on 
less items than young adults (Mdiff = -.41, p < .001). 
 
 





Young B and Older adults  
The effect of age was significant, F (2, 159) = 17.66, p < .001, ηp2 = .18. Young adults succeeded on 
more items than young-old (Mdiff = .33, p < .01) and old-old (Mdiff = .50, p < .001) that did not differ 






Figure 33. Reading Span Test: Span for the succeeded items by age group. Error bars represent SD. 
 
JUDGMENT TIME (MS)  
Means, standard deviations, by age groups on the median response times (ms) for correct responses in 
the Semantic Judgment of sentence content in the simple132 and dual condition are presented in Table 
24. Due to problems in recording response latencies, the number of participants (N) for each age group 
was subjected to a reduction, as shown in Table 25.  
 
Table 25. Reading Span Test: median response times for sentence judgment in 
the Semantic Judgment and for the Reading Span (means and standard 
deviations) by age group. 
 N  Semantic Judgment Reading Span 
10 yo 11 M 3085.5 4068.59 
  SD 879.51 1018.69 
11 yo 16 M 2711.25 4003.90 
  SD 1156.88 1547.85 
12 yo 16 M 2142.71 3187.84 
  SD 33.44 616.37 
Young A 46 M 1393.40 2309.77 
  SD 202.93 688.86 
Young B 45 M 1367.66 2115 
  SD 249.09 672.69 
Young-old 57 M 1780.69 2579.02 
  SD 434.81 925.75 
Old-old 52 M 1981.79 2682.27 
  SD 515.96 822.43 
 
Analyses of variance on the median response times for simple condition (named Semantic Judgment) 
and for the dual condition (named Reading span) were conducted.  
 
                                                 
132 The simple condition was named Semantic Judgment, and the dual Reading Span.  





Children (10- to 12- year-olds). 
The effect of age was significant only on the median response times in Semantic Judgment condition, 
F (1, 40) = 4.16, p < .05, ηp2 = .17, with 10 year-olds children spending longer time judging sentences 
than 12 year-olds children (Mdiff = 942.78, p < .05), as indicated in Dunnett’s T3 post comparisons.  
On the contrary, children did not differ on the time needed to judge sentences in the Reading span 
condition. Figure 35 displayed the results obtained. 
 
Figure 34. Children Sample Reading Span Test: Median response time for sentence judgment in the 
Semantic Judgment and Reading span by age group. Error bars represent SD. 
 
ANCOVA analysis with the reading speed as covariate was conducted on the median response 
latencies in the simple and dual condition.  
Results showed a main effect of the covariate, F (1, 40) = 16.97, p < .001, ηp2 = .30, discarding the 
main effect of age, which became non significant. Reading speed affected indirectly the performance 
on judgment times (β = -688.37, p < .01) (see Figure 36). 
Figure 35. Children sample. Reading Span Test: Estimated means for the median times for sentence 
































Young A and Children 
The main effect of age was significant for median response times both in the Semantic Judgment, F (1, 
87) = 74.62, p < .001, ηp2 = .46, and in the Reading Span, F (1, 87) = 47.53, p < .001, ηp2 = .35. 
Young adults judged sentences more quickly than children in both conditions (Semantic Judgment, 
Mdiff = 1202.04, p < .001; Reading Span, Mdiff = 1606.64, p < .001) (see Figure 37). 
 
Figure 36. Young adults and Children. Reading Span Test: Median response time for sentences 
judgment in the Semantic Judgment and Reading span by age group. Error bars represent SD. 
 
 
ANCOVA analyses with the reading speed as covariate were conducted on the median response 
latencies in the simple and dual conditions.  
Results showed a main effect of the covariate both in the simple, F (1, 85) = 1.36, p < .01, ηp2 = .11, 
and in the dual condition, F (1, 85) = 1.90, p < .001, ηp2 = .11. Reading speed affected indirectly the 
performance on median response times in the simple (β = -197.51, p < .001), and dual condition (β = -
296.25, p < .001) (see Figure 38). The main effect of age in both conditions remained significant, but 
the effect sizes were reduced (Semantic Judgment, F (1, 85) = 24.39, p < .001, ηp2 = .22; Reading 
span, F (1, 85) = 12.20, p < .001, ηp2 = .13).  
Figure 37. Young adults and Children. Reading Span Test: Estimated means for the median times for 




























Young B and Older adults 
The main effect of age was significant for the median response times both in the Semantic Judgment, 
F (2, 151) = 26.24, p < .001, ηp2 = .26, and in the Reading span, F (2, 151) = 6.40, p < .001, ηp2 = .08. 
Figure 39 displays graphically the results obtained.  
Dunnett’s T3 post-hoc comparisons indicated that in the Semantic Judgment young adults judged more 
quickly sentences than did young-old and old-old (respectively, Mdiff = 413.02, p < .001 and, Mdiff = 
614.13, p < .001). In addition, young-old were more rapid than old-old (Mdiff = 201.10, p < .05).  
In the Reading span, young adults were more rapid than young-old and old-old (respectively, Mdiff = 
464.02, p < .05 and Mdiff = 567.27, p < .01) that did not differ.  
Figure 38. Young and Older adults. Reading Span Test: Median response times for sentences judgment 
in the Semantic Judgment and Reading span by age group. Error bars represent SD. 
 
ANCOVA analyses on median response times with the reading speed as covariate showed a 
significant effect of the covariate in both conditions (Semantic Judgment, F (1, 150) = 28.68, p < .001, 
ηp2 = .16; Reading span, F (1, 150) = 26.99, p < .001, ηp2 = .16) influencing indirectly the results 
(simple condition, -β = -127.95, p < .001; dual condition, -β = - 261.60) (see Figure 40). However, the 
main effect of age in both conditions remained significant (Semantic Judgment, F (2, 150) = 28.90, p 




Figure 39. Young and Older adults. Reading Span Test: Estimated means for the median times for 






























The proportion of intrusion errors (i.e. words presented in the task that were not in the final position, 
however recalled) was also computed. Intrusion errors are often considered as an index of inhibition 
failure and this measure has been shown to characterize the performance of particular groups of 
subjects such as poor comprehenders at different ages. 
Means, standard deviations, by age group for the proportion of intrusion errors are graphically 
displayed in Figure 42. 
Analyses of variance on the proportion of intrusion errors with age as a between factor were 
conducted.  
 
Children (10- to 12- year-olds). 
The effect of age was not significant. 
 
Young A and Children 
The main effect of age was significant, F (1, 104) = 8.43, p < .01, ηp2 = .07, with children committing 
more intrusion errors than young adults (Mdiff = .02, p < .01). 
 
Young B and Older adults 
The main effect of age was significant, F (2, 159) = 6.09, p < .001, ηp2 = .07. Dunnett’s T3 post 
comparisons showed that young adults committed less intrusion errors than young-old (Mdiff = -.03, p 
< .05) and old-old (Mdiff = -.05, p < .01), that did not differ from each other. 
 
Figure 40. Young and Older adults. Reading Span Test: Proportion of Intrusion errors by age group. 











SUMMARY OF RESULTS IN THE READING SPAN TEST 
With respect to working memory capacity, a clear improvement in children from the age of 10 to 12 
year-olds, and a decline in older adults emerged. Older children recalled more correct words than 
younger ones. Thus both children and older adults showed a smaller working memory span than 
young. This last result conforms with expected developmental changes from childhood to late 
adulthood in the working memory capacity.  
Young adults were less susceptible to intrusion errors (words incorrectly recalled) than children, on the 
one hand, and than older adults, on the other hand. The difficulties in suppressing information could, 
thus, account for poorer working memory performance observed in children and older adults.  
Age-related changes between the age of 10 and 12 year-olds in the rapidity to judge the content of 
sentences were observed in the simple condition but not in the dual one. Hence, in the dual condition, 
the sentence processing and the active maintenance of the words cancel age differences because of 
age-related changes in reading speed or in simple processing, as suggested by the results of the 
covariate analysis with the mean number of words read in one second. Young adults judged sentences 
faster than children, and than older adults, both in the simple and in the dual condition. This was only 
in part due to individual differences in reading speed as the main effect of age remained significant in 




II.2. MATRICES TEST 
As the Reading Span test, the Matrices Double Verbal task assessed individual working memory 
performance.  
As the Matrices task is composed of three subtasks (Simple Words, Simple Positions and Double 
verbal) the span were computed for all age groups, by condition (simple vs dual), and stimulus (verbal, 
visuo-spatial).  
 
WORDS AND POSITIONS CORRECTLY RECALLED IN THE SIMPLE AND DUAL CONDITIONS 
Repeated measure GLM analyses were used to examine the effects of age, condition (simple vs 
double), and type of stimuli (words and positions) on the mean number of elements correctly recalled.  
Descriptive statistics for the mean number of words and position recalled (means and standard 
deviations) by condition (simple and dual) and age group are displayed in the Table 26. 





Table 26. Matrices: Mean number of words and positions correctly 
recalled (means and standard deviations) by condition (simple vs dual), 
and age group.  
  Words Positions 
  Simple Dual Simple Dual 
10 yo M 3.30 2.20 2.01 1.88 
 SD .40 .50 .65 .46 
11 yo M 3.23 2.45 2.21 2.14 
 SD .52 .46 .67 .59 
12 yo M 3.38 2.55 2.68 2.28 
 SD .44 .49 .81 .48 
Young A M 4.00 3.06 2.99 2.86 
 SD .58 .42 .69 .55 
Young B M 4.06 3.01 3.08 2.71 
 SD .63 .51 .91 .54 
Young-old M 3.85 2.67 2.11 2.24 
 SD .76 .39 .55 .46 
Old-old M 3.52 2.53 2.02 2.10 
 SD .53 .42 .51 .49 
 
 
Children (10- to 12- year-olds). 
The main effect of age, F (2, 57) = 4.01, p < .05, ηp2 = .12, of condition, F (2, 57) = 165.28, p < .001, 
ηp2 = .74, and of stimuli, F (2, 57) = 117.05, p < .001, ηp2 = .67, was significant. In addition to these 
main effects, there was a significant Condition X Stimuli interaction, F (1, 57) = 42.66, p < .001, ηp2 = 
.43. Ten year-old had a lower performance than 12 year-old children (Mdiff = -.37, p < .05). The dual 
condition yielded a smaller number of correctly recalled elements than the simple one (Mdiff = -.55, p 
< .001). Furthermore, the performance was higher for words than positions (Mdiff = .65, p < .001). 
Post-hoc planned comparisons were conducted to test the Condition X Stimuli interaction133. 
Participants recalled more words than positions both in the simple, F (1, 57) = 93.85, p < .001, ηp2 = 
.12, and in the dual condition, F (1, 57) = 34.40, p < .001. In the simple condition, participants recalled 
more words, F (1, 57) = 163.98, p < .001, and more positions, F (1, 57) = 8.51, p < .01, than in the 
dual one (see Figure 42).  
                                                 
133 The critical F values, for the Bonferroni’s correction, are p < 6.64 for p<.05  
 





Figure 41. Children sample. Matrices: Mean number of words and positions correctly recalled by 
condition and by age group. Error bars represent SD. 
 
 
Young A and Children 
The main effect of age, F (1, 105) = 62.76, p < .001, ηp2 = .37, of condition, F (1, 105) = 231.34, p < 
.001, ηp2 = .68, of stimuli, F (1, 105) = 167.52, p < .001, ηp2 = .62, was significant. The two-way 
interaction Condition X Stimuli, F (1, 105) = 92.44, p < .001, ηp2 = .47, was also significant. Results 
are graphically summarized in Figure 43. 
Young adults had a better performance than children for both types of stimuli and conditions (Mdiff = 
.68, p < .001). Moreover, young adults, as well as children, had a poorer performance in the dual 
condition than in the simple one (Mdiff = -.54, p < .001). All participants recalled more words than 
positions (Mdiff = .62, p < .001). 
Post-hoc planned comparisons were conducted to test the Condition X Stimuli interaction134. The 
recall of words was higher than the recall of positions both in the simple, F (1, 105) = 152.02, p < 
.001, and in the dual condition, F (1, 105) = 56.64, p < .001. Moreover, in the simple condition 
participants recalled more words, F (1, 105) = 298.08, p < .001, and more positions, F (1, 105) = 












                                                 
134 The critical F values, for the Bonferroni’s correction, are p < 6.64 for p<.05  
 
 





Figure 42. Young adults and children. Matrices: Mean number of words and positions correctly 




Young B and Older adults 
Results showed a main effect of age, F (1, 160) = 345.15, p < .001, ηp2 = .68, of condition, F (1, 160) 
= 345.15, p < .001, ηp2 = .68, and of stimuli, F (1, 160) = 505.06, p < .001, ηp2 = .76. The two-way 
interactions of Age X Condition, F (2, 160) = 5.84, p < .01, ηp2 = .07, Age X Stimuli, F (2, 160) = 
1.73, p < .001, ηp2 = .12, Condition X Stimuli, F (2, 160) = 259.03, p < .001, ηp2 = .62, as well as the 
three-way interaction Age X Condition X Stimuli, F (2, 160) = 8.34, p < .001, ηp2 = .09, were 
significant. Results are graphically summarized in Figure 44. 
All participants were more accurate in the simple than in the dual condition (Mdiff = .62, p < .001) 
independently of the stimuli to be recalled. Moreover, both young and older adults recalled more 
words than positions (Mdiff = .89, p < .001). Young adults were globally more accurate than young-
old (Mdiff = .50, p < .001) and old-old (Mdiff = .67, p < .001) that did not differ from each other.  
Post-hoc planned comparisons135 were conducted to test the three-way interaction assessing the Age X 
Condition effect for each type of stimuli, the Age X Stimuli, and the Condition X Stimuli.  
The interaction Age X Condition was significant for the positions recalled but not for the words, F (1, 
160) = 14.69, p < .001. In both conditions, the recall of positions was more accurate for young than for 
young-old (simple condition: F (1, 160) = 57.97, p < .001; dual condition: F (1, 160) = 23.78, p < 
.001), and for old-old (simple condition: F (1, 160) = 66.44, p < .001; dual condition: F (1, 160) = 
38.18, p < .001).The two groups of older did not significantly differ. However, the difference in the 
recall of positions between the simple and dual task was significant only for the young adults, F (1, 
160) = 24.25, p < .001. Young-old, as well as old-old, did not show any decrease (see Table 18) 
between the two conditions in the recall of positions.  
The Age X Stimuli interaction was significant for the simple, F (2, 160) = 1.63, p < .001, and 
marginally for the dual condition, F (2, 160) = 2.98, p = .053. The three age groups recalled more 
                                                 
135 The critical F values, for the Bonferroni’s correction, are p < 9.14 for p<.05  
 





words than positions in both the simple condition (young, F (1, 160) = 6.48, p < .001; young-old, F (1, 
160) = 252.73, p < .001; old-old, F (1, 160) = 162.58, p < .001) and in the dual condition (young, F (1, 
160) = 45.24, p < .001; young-old, F (1, 160) = 12.92, p < .001; old-old, F (1, 160) = 107.58, p < 
.001). Moreover, when comparing young adults and older adults, the difference in the type of stimuli 
recalled was significant in the simple condition (young vs young-old, F (1, 160) = 2.91, p < .001; 
young vs old-old, F (1, 160) = 9.10, p < .001), but not in the dual one.  
Finally a significant difference between words and position emerged both in the simple, F (1, 160) = 
427.53, p < .001, and in the dual, F (1, 160) = 256.75, p < .001, condition.  
Figure 43. Young and Older adults. Matrices: Mean number of words and positions correctly recalled 
by condition and by age group. Error bars represent SD. 
 





NUMBER OF CORRECT WORD/POSITION ASSOCIATIONS IN THE DUAL TASK  
Univariate analyses of variance were conducted to assess the effects of age on the mean number of 
correct word/position associations recalled in the dual task (Matrices Double Verbal task).  
Means, standard deviations on correct word/position associations by age groups are presented in Table 
27 and graphically displayed in Figure 45. 
Table 27. Matrices: Mean number of correct 
associations (means and standard deviations) in 
the dual task by age group.  
  Dual condition 
10 yo M 1.55 
 SD .47 
11 yo M 1.87 
 SD .59 
12 yo M 1.98 
 SD .50 
Young A M 2.57 
 SD .48 
Young B M 2.50 
 SD .57 
Young-old M 2.10 
 SD .45 
Old-old M 1.93 
 SD .49 
 
Children (10- to 12- year-olds). 
The number of correct associations varied as a function of age, F (2, 57) = 3.60, p < .05, ηp2 = .11, 
with 10 year-old children recalling less correct associations than 12 year-olds, (Mdiff = -.42, p < .05). 
  
Young A and Children 
The main effect of age was significant, F (1, 105) = 55.52, p < .001, ηp2 = .35, with young adults 
recalling more correct associations than children (Mdiff = .75, p < .001). 
 
Young B and Older adults 
The main effect of age was significant, F (2, 161) = 17.30, p < .001, ηp2 = .18. Young-old and old-old, 
that did not differed from each other, recalled fewer correct associations than young adults 











Figure 44. Matrices: Mean number of correct associations recalled by condition and by age group in 




Words or positions recalled but not previously presented have been considered as errors. The 
proportion of errors was computed for each individual by dividing the number of errors by the total 
number of elements recalled, by condition and stimuli.  
Repeated measure GLM was used to examine the effects of age, stimuli (words, positions) and 
condition (simple, dual) on the proportion of errors committed.  
Means, standard deviations by age groups condition and stimuli for on the proportion of errors are 
presented in Table 28 and graphically summarized in Figure 46. 
 
 
Table 28. Matrices: proportion of errors (means and standard 
deviations) by type of stimuli (words, positions) and condition 
(simple, dual) and Age group.  
  Word Positions 
  Simple Dual Simple Dual 
10 yo M .07 .07 .29 .25 
 SD .05 .09 .09 .12 
11 yo M .06 .06 .26 .22 
 SD .03 .06 .10 .12 
12 yo M .05 .05 .22 .19 
 SD .03 .05 .09 .08 
Young A M .04 .03 .17 .14 
 SD .04 .04 .07 .06 
Young B M .04 .03 .17 .07 
 SD .04 .03 .08 .15 
Young-old M .04 .03 .26 .08 
 SD .03 .04 .08 .21 
Old-old M .05 .03 .28 .10 
 SD .04 .04 .08 .23 





Children (10- to 12- year-olds). 
The main effect of age, F (2, 57) = 4.26, p < .05, ηp2 = .13, of condition, F (2, 57) = 7.18, p < .05, ηp2 
= .12, and of stimuli, F (2, 57) = 208.33, p < .001, ηp2 = .78, was significant. Ten year-old children 
committed more errors than 12 year-olds children (Mdiff = .04, p < .05). All children made fewer 
errors in the dual condition than in the simple one (Mdiff = .01, p < .05). Independently of the 
condition more errors were committed in the recall of positions than of words (Mdiff = .17, p < .05). 
 
Young A and Children 
Results showed a main effect of age, F (1, 105) = 39.102, p < .001, ηp2 = .27, of condition, F (1, 105) 
= 14.73, p < .001, ηp2 = .12, and of stimuli, F (1, 105) = 345.91, p < .001, ηp2 = .77. The two-way 
interaction Age X Stimuli, F (1, 105) = 9.48, p < .01, ηp2 = .08, as well as the interaction Condition X 
Stimuli, F (1, 105) = 5.94, p < .05, ηp2 = .04, were also significant. Young adults had a more accurate 
performance than children for both types of stimuli (Mdiff = .05, p < .001). More errors were 
committed in the simple than in the dual condition (Mdiff = .01, p < .001). Moreover, the recall of 
position was associated with more errors than the recall of words (Mdiff = .15, p < .001). 
Planned comparisons136 were used to test the interactions. Both young and children produced more 
errors for positions than for words (young, F (1, 105) = 264.44, p < .001; children, F (1, 105) = 
107.38, p < .001). Children committed more errors than young both in the recall of words, F (1, 105) = 
13.14, p < .001, and of positions, F (1, 105) = 26.97, p < .001. Finally, the difference between the 
simple and dual conditions was significant only for position errors, F (1, 105) = 13.38, p < .001.   
 
Young B and Older adults 
The main effect of age, F (1, 160) = 345.15, p < .001, ηp2 = .68, of condition, F (1, 160) = 52.26, p < 
.001, ηp2 = .25, and of stimuli, F (1, 160) = 852.90, p < .001, ηp2 = .84, was significant. Young adults 
were more accurate than young-old (Mdiff = -.03, p < .001) and old-old (Mdiff = .05, p < .001) that did 
not differ from each other. A larger number of errors was committed in the simple condition as 
compared to the dual one (Mdiff = .02, p < .001). Moreover, participants committed more errors in the 
recall of positions than of words. (Mdiff = .18, p < .001). The two-way interactions of Age X Stimuli, 
F (1, 160) = 18.64, p < .001, ηp2 = .19, and Condition X Stimuli, F (1, 160) = 11.27, p < .001, ηp2 = 
.07, were also significant.  
Planned comparisons137 were used to test the interactions. The Age X Stimuli interaction showed a 
significant effect of age only for positions, F (1, 158) = 25.09, p < .001. The three age groups 
produced more errors for positions than for words (young, F (1, 158) = 121.75, p < .001; young-old, F 
(1, 158) = 406.41, p < .001; old-old, F (1, 158) = 401.67, p < .001). Young adults produced less errors 
                                                 
136 136 The critical F values, for the Bonferroni’s correction, are p < 7.2 for p<.05  
 
137 The critical F values, for the Bonferroni’s correction, are p < 8.62 for p<.05  
 





in the recall of positions than young-old, F (1, 158) = 31.55, p < .001, and old-old, F (1, 158) = 44.71, 
p < .001, that did not differ. 
The difference between the simple and dual conditions was significant both for words errors, F (1, 
158) = 15.79, p < .001, and positions, F (1, 158) = 35.59, p < .001. More errors were committed in the 









SUMMARY OF RESULTS IN THE MATRICES TEST 
Taken together, these analyses indicated both developmental differences (between 10 to 12 year-olds, 
and between children and young adults) and an age-related decline in older adults in working memory 
capacity measured in terms of correct word/position associations. 
The overall performance decreased for all participants from the simple condition to the dual one. 
Moreover, the recall of words was higher than the recall of positions. According to our hypotheses, 
older children (12 year-olds) recalled more elements than 10 year-olds, and young adults outperformed 
children. However, both children and young adults were hampered to the same extent by the dual 
condition, and irrespective of the type of stimuli (positions).  
An age-related decline between young and older participants was observed in the mean number of 
position correctly recalled in both conditions, but not in the mean number of words correctly recalled. 
It is indeed interesting to note that the difference between the simple and dual task, in adulthood, was 
significant only, for the recall of positions, and for young adults. This result replicates the findings 
reported by de Ribaupierre & Ludwig (2003).  





Finally, for all groups, a small proportion of errors for words was observed. A larger proportion of 
errors emerged for all age groups for positions than for words and in the simple condition as compared 
to the dual one.  
Young adults committed fewer errors than children for both positions and words. Age-related changes 
were observed between young and older adults in the proportion of errors for position, but not for 
words; it was higher for older adults. This last pattern of results suggests that most probably young and 
older adults process words and positions differently.  







6.III.  INHIBITORY TASKS 
III.1. STROOP COLOR TEST 
Analyses were conducted on median response times and on relative differences (indexes) indexing 
interference (incongruency), inhibition (negative priming), and facilitation (congruency) effects.  
The reliability values of all the indexes are not very satisfactory especially for the negative priming 
index in the children sample (see Appendix, section A.11.IV.b). 




Median response latencies, standard deviations by condition, and age group are presented in Table 29.  
Repeated measure GLM analyses were conducted to examine the effect of age on naming latencies for 
the following:  
- incongruency effect: control condition vs incongruent condition; 
- negative priming effect: probe incongruent condition vs prime incongruent condition; 
- congruency effect: control condition vs congruent condition; 
Table 29. Stroop Color test: median reaction times in msec. (means and 
standard deviations) by condition and age group. 
  Congruent Incongruent Prime Probe Control I 
(signs) 
Control II 
(words) 10 yo M 920.63 1081.00 1075.50 1105.72 1033.41 905.63 
 SD 205.36 196.53 213.43 229.71 179.78 166.08 
11 yo M 849.94 982.09 975.76 1061.06 922.31 811.94 
 SD 758.77 263.24 220.54 339.39 219.64 137.32 
12 yo M 716.82 904.74 940.27 940.52 849.72 774.45 
 SD 699.06 178.68 243.33 210.84 131.90 119.38 
Young A M 716.82 812.88 821.65 824.43 727.81 670.89 
 SD 134.62 133.08 156.66 146.32 108.35 93.61 
Young B M 699.06 781.17 782.13 811.77 708.67 654.44 
 SD 100.52 94.42 96.11 109.89 83.08 81.01 
Young-old M 722.41 909.48 911.31 936.29 826.53 758.53 
 SD 122.71 120.92 118.92 144.90 105.62 93.21 
Old-old M 779.94 933.41 945.30 949.17 844.42 756.05 
 SD 151.12 173.91 176.36 187.97 122.60 118.76 
 



















Children (10- to 12- years olds). 
The main effects of age, F (2, 57) = 4.2, p < .05, ηp2 = .13, of condition, F(1, 57) = 104.83, p < .001, 
ηp2 = .65, were significant (see Figure 48). Tukey’s post-hoc comparisons revealed that, independently 
of the condition, 10 year-olds responded more slowly than 12 year-olds (Mdiff = 153.71, p < .05). 
Responses in the control II condition were faster than in the incongruent one (Mdiff = 158.60, p < 













Figure 48. Children sample. Stroop Color Test: Incongruency effect, median RTs (ms) by condition 
and age group. Error bars represent SD. 
  
 
Young (A) and Children  
The main effects of age, F (1, 105) = 29.67, p < .001, ηp2 = .22, and of condition F (1, 105) = 216.28, 
p < .001, ηp2 = .67, were significant (see Figure 49). Children had significantly longer naming 
latencies than the young adults. Responses, for both the age groups, were faster in control II than in the 
incongruent items (Mdiff = 148.80, p < .001). 









































Figure 49. Young adults and Children. Stroop Color Test: Incongruency effect, median RTs (ms) by 
condition and age group. Error bars represent SD. 
 
 
Young (B) and Older adults 
The main effect of age, F (2, 158) = 2.07, p < .001, ηp2 = .20, and of condition, F (1, 158) = 523.22, p 
< .001, ηp2 = .77, was significant. 
Dunnett’s T3 post-hoc comparisons revealed that, independently of the condition, the young were 
faster than the young-old (Mdiff = -116.20, p < .001) and than the old-old (Mdiff = -126.92, p < .001). 
No significant differences were found between the young-old and the old-old. In addition the response 
latencies were faster for the control II items than for the incongruent ones (Mdiff = -151.67, p < .001), 
supporting the existence of an interference effect.  
The Age X Condition interaction, F(2, 158) = 4.66, p < .05, ηp2 = .06, was significant (see Figure 50). 
Planned comparisons138, used to test the interaction, indicated that the three age groups responded 
faster in the control trials than in the incongruent trials (young, F(1, 158) = 109.68, p < .001; young-
old, F(1, 158) = 202.00, p < .001; old-old, F(1, 158) = 242.28, p < .001). Young adults were faster 
both in the incongruent and in the control II trials than the young-old (respectively, F(1, 158) = 24.14, 
p < .01 for the incongruent condition and F (1, 158) = 29.19, p < .01 for the control II condition) and 
the old-old, (respectively F(1, 158) = 31.89, p < .001 for the incongruent condition and F(1, 158) = 
26.10, p < .001 for the control condition). The two groups of older adults did not differ significantly. 
The difference between incongruent and control II trials increased with age but only when the young 








                                                 







































Figure 49. Young and Older adults. Stroop Color Test: Incongruency effect, median RTs (ms) by 
condition and age group. Error bars represent SD. 
 
 
NEGATIVE PRIMING EFFECT 
Children (10- to 12- year-olds). 
Only the effect of condition, F (1, 57) = 4.75, p < .05, ηp2 = .07, was significant.  
The median response latencies on the probe trials were longer than on the prime trials (Mdiff = 29.59, 
p < .05). This indicated the presence of a negative priming effect independently of the age group. 
Results are graphically displayed in Figure 51. 
 
 
Figure 50. Children sample. Stroop Color Test: Negative Priming, effect median RTs (ms) by 
condition and age group. Error bars represent SD. 
 
 
Young (A) and Children  
The effect of age, F (1, 105) = 19.00, p < .001, ηp2 = .15, was significant. Children responded slower 























































Figure 51. Young adults and Children. Stroop Color Test: Negative Priming effect, median RTs (ms) 
by condition and age group. Error bars represent SD. 
 
Young (B) and Older adults 
The main effect of age, F (2, 158) = 16.41, p < .001, ηp2 = .13, and of condition, F (1, 158) = 15.18, p 
< .001, ηp2 = .09, was significant. Young adults had shorter latencies than the young-old (Mdiff = -
126.84, p < .001) and the old-old (Mdiff = -15.28, p < .001), that did not differ. Responses on the 
probe trials were longer than on prime trials (Mdiff = 19.5, p < .001). Results are graphically 
displayed in Figure 53. 
 
Figure 52. Young and Older adults. Stroop Color Test: Negative Priming effect, median RTs (ms) by 




CONGRUENCY EFFECT.  
Children (10- to 12- years olds). 
Only the main effect of age, F (2, 57) = 4.33, p < .05, ηp2 = .13, was significant (see Figure 54).  
Tukey’s post-hoc comparisons revealed that, independently of the condition, 10 year-olds children 



























































Figure 53. Children sample. Stroop Color Test: Congruency effect, median RTs (ms) by condition and 
age group. Error bars represent SD. 
 
Young (A) and Children. 
The main effect of age, F (1, 105) = 22.85, p < .001, ηp2 = .18, of condition F (1, 105) = 12.26, p < 
.001, ηp2 = .10, and the interaction Age X Condition, F (1, 105) = 5.24, p < .05, ηp2 = .05, were 
significant (see Figure 55). Children had significantly longer naming latencies than the young adults 
(Mdiff = 136.00, p < .01). Moreover, participants responded faster in the control II (signs) trials than 
in congruent trials (Mdiff = 27.78, p < .01). Planned comparisons139, used to test the interaction, 
showed that young adults were more rapid than children in responding to both the congruent trials, F 
(1, 105) = 12.29, p < .001, and to control II trials, F (1, 105) = 38.64, p < .01. Children, but not young 












Figure 54. Young adults and children. Stroop Color Test: Congruency effect, median RTs (ms) by 





                                                 
139 The critical F values, for the Bonferroni’s correction, are 6.64 (p < .05) and 9.96 (p < .01) 
 
















































Young (B) and Older adults 
Only the main effect of age, F (2, 158) = 12.04, p < .001, ηp2 = .13, and of condition, F (1, 158) = 
16.35, p < .001, ηp2 = .09, was significant. Young adults were faster than both the young-old (Mdiff = 
-88.72, p < .001) and the old-old (Mdiff = -91.24, p < .001), that did not differ from each other. 
Response latencies were longer for congruent trials than for control II trials (Mdiff = 27.46, p < .001). 
The main effects of age and condition were not qualified by a significant interaction. Results are 















 INCONGRUENCY, NEGATIVE PRIMING AND CONGRUENCY 
Means, standard deviations, for the effects of age on the indexes of incongruency, negative priming, 
and of congruency are presented in Table 30 and graphically displayed in Figure 57.  
Multivariate GLM analyses were conducted to examine the effect of age on relative differences (using 
median RTs) for the:  
- incongruency index: [(median incongruent response latency - median control II response 
latency / median control II response latency] 
- negative priming index (NP): [(median probe response latency - median prime response 
latency) / median prime response latency]. 
- congruency index: [(median congruent response latency- median control II response latency / 


























Figure 55. Young and Older adults.  Stroop Color Test: Congruency effect, median RTs (ms) 
per condition by age group. Error bars represent SD. 
 





Table 30. Stroop Color test: Index of Incongruency, NP, and 
Congruency (means and standard deviations) by age group.  





Index 10 yo M .20 .03 .01 
 SD .13 .08 .11 
11 yo M .20 .05 .04 
 SD .15 .09 .11 
12 yo M .16 .01 -.02 
 SD .10 .09 .07 
Young A M .21 .00 .07 
 SD .12 .06 .09 
Young B M .20 .04 .06 
 SD .12 .06 .08 
Young-old M .20 .02 .02 
 SD .10 .06 .11 
Old-old M .23 .00 .04 
 SD .12 .07 .15 
 
Children (10- to 12- year-olds). 
There was no significant difference between 10- to-12-year-olds children for the incongruency and 
negative priming indexes (see Figure 60). 
 
Young (A) and Children 
A reliable difference emerged only for the congruency index, F (1, 105) = 9.74, p < .01, ηp2 = .08, 
with young adults showing a greater effect than children (Mdiff = .06, p < .05) (see Figure 46). 
However, while the presence of a congruency effect is represented by a negative value, the inverse 
tendency was found. Therefore, we cannot conclude on the presence of such an effect. 
 
Young (B) and Older adults  
Results showed a main effect of age only for the negative priming index, F (2, 158) = 3,71, p < .05, 
ηp2 = .03 (see Figure 46). Tukey’s post hoc analyses revealed a significant difference between the 


























Figure 56. Stroop Color Test: Congruency, Inconcruency, Negative Priming (NP) Indexes by age 




Analyses on errors have been conducted grouping together errors and auto-corrections, because of the 
small number of errors. Means, standard deviations, and by condition, age group on the total number 
of errors by condition are presented in Table 31. 
 
Table 31. Stroop Color test: mean number of errors (means and 













Repeated measure GLM analyses were conducted to examine the effects of age on errors committed in 
the conditions composing the:  
- incongruency effect (incongruent condition vs control II condition); 
- negative priming effect (prime condition vs probe condition); 
- congruency effect (congruent condition vs control II condition). 
 
  Congruent Incongruent Prime Probe Control II 
10 yo M .17 1.61 2.22 2.66 .38 
 SD .51 1.24 1.59 2.14 .09 
11 yo M .22 1.80 2.38 2.02 .32 
 SD .43 1.52 2.09 1.59 .07 
12 yo M .21 1.70 1.79 2.21 .81 
 SD .41 1.60 1.79 1.64 .16 
Young A M .08 .59 .63 .76 .25 
 SD .28 .97 .89 1.46 .03 
Young B M .21 .62 .68 .79 .15 
 SD .14 .99 .98 1.17 .12 
Young-old M .03 .79 .73 .79 .22 
 SD .18 1.15 1.03 1.22 .03 
Old-old M .11 1.00 1.49 .79 .71 
 SD .37 1.86 2.04 1.22 .10 





Children (10- to 12- year-olds). 
Only the main effect of condition considering incongruent and control II trials emerged, F (1, 57) = 
73.65, p < .001, ηp2 = .56. Children made more errors in the incongruent trials than in the control II 
trials (Mdiff = 1.56, p < .001).  
 
Young (A) and Children  
Comparison of the errors in the incongruent and control II showed a main effect of age, F(1, 105) = 
17.24, p < .001, ηp2 = .14, and of condition, F(1, 105) = 79.93, p < .001, ηp2 = .43. In addition, the 
interaction Age X Condition was significant, F(1, 105) = 19.27, p < .001, ηp2 = .15.  
Planned comparisons140 showed that children made more errors than young adults on incongruent 
items, F (1, 105) = 2.33, p < .001, but not on the control II trials. The difference between error rate in 
the control II trials and incongruent trials was significant both for the young, F (1, 105) = 101.15, p < 
.001, and for the children, F (1, 105) = 9.23, p < .001.  
A main effect of condition emerged when considering the prime trials and probe trials, F(1, 105) = 
32.69, p < .001, ηp2 = .24, emerged. More errors were done on probe trials than on prime trials (Mdiff 
= 1.49, p < .001). 
The analyses on errors made on the conditions composing the congruent effect did not show any 
significant effect: children and young adults did not differ in the errors made in the congruent and 
control II conditions. 
 
Young (B) and Older adults 
A main effect of condition for the error comparing the incongruent and control II, F (1, 158) = 46.36, 
p < .001, ηp2 = .22, emerged. Participants made fewer errors on the control II trials than on the 
incongruent trials (Mdiff = -.71, p < .001), independently of their age.  
There was a main effect of age for the errors rate in the conditions composing the congruency effect, F 
(2, 158) = 3.24, p < .05, ηp2 = .04, as well as the negative priming effect, F (2, 158) = 3.98, p < .05, 
ηp2 = .04. Post-hoc comparisons using Tukey’s procedure indicated that older adults made more errors 
than young adults on congruent trials than on control II trials (Mdiff = .13, p < .05), and on the prime 
trials than the probe trials (Mdiff = .64, p = .056). In addition old-old were less accurate than young-
old in trials composing the negative priming effect (Mdiff = -.61, p = .05). 
 
 
SUMMARY OF RESULTS IN THE STROOP COLOR TASK 
Globally, the results based on median RTs showed a decrease in latencies from 10 to 12 year-olds and 
an increase of response latencies with aging. However, results reported both for response latencies and 
                                                 
140 The critical F values, for the Bonferroni’s correction, are 6.64 (p < .05) and 9.96 (p < .01) 
 





for relative differences (indexes) did not show age differences between young adults and children in 
the susceptibility to interference, and in inhibitory efficacy as measured with the negative priming. 
The interference effect was, indeed, similar from 10- to 12-year-olds and between children and young 
adults. Nevertheless children committed more errors than young on incongruent trials.  
Older adults, in particular, old-old, showed a more important interference effect than young. Once 
controlled for differences in baseline response latency, this pattern of results was replicated.  
Concerning the negative priming effect, age changes emerged both in the response latencies and in the 
relative differences between children and young adults. The negative priming effect was more 
important in young adults than in old-old when the relative difference on the response between times 
prime and probe trial was used. This may suggest that late adulthood, the fourth age, is characterized 
by a reduction in the efficiency of inhibitory processes. However, the effect size on the negative 
priming index is very small (.03).  
Congruency effect appeared to remain relatively stable with age. 
Finally, these results suggest that children and older adults were not more susceptible to the 





III.2. HAYLING TEST 
CORRECT SENTENCE COMPLETION 
First, analyses on the proportion of correct completions in the initiation phase (A), and in the 
suppression phase (A’) were conducted. In the initiation phase, only sentences that were completed 
with the expected word, and not with a plausible one that could however fit with the sentences, have 
been considered. This very strict criterion permitted us to ensure that, in the suppression phase, the 
irrelevant response was previously highly activated (the expected word) and had to be inhibited or 
deactivated in order to complete sentences with an unexpected ending. Moreover, not taking into 
account the plausible but not expected last word presented, presents the advantage of introducing 
somewhat light variance in performance in the phase A’ responses. For instance, because sentences are 
high-cloze, a possible but not expected word is assumed to be more easily deactivated, simply because 
it is not the dominant one.  
Because one sentence141 was too difficult to understand for children, the decision was made to exclude 
it from analyses for all the groups.  
PROPORTION OF CORRECT COMPLETIONS142 
                                                 
141 “Les chats ont une bonne vision la …” 
142 Expected words for the A Phase and meaningless word for the A’ one. 





Means, standard deviations on the proportion of correct completion for the Phase A and Phase A’ by 
age groups are presented in Table 32. 
Table 32. Hayling test: proportion of correct completion in the 













Repeated measures GLM analyses were conducted to examine the effect of age on the proportion of 
correct completions for the Phase A and Phase A’. 
 
 
Children (10- to 12- years olds). 
Results showed only a main significant effect of phase, F (1, 57) = 52.109, p < .001, ηp2 = .48. 
Tukey’s post-hoc comparisons indicated that all children produced more correct responses in the phase 
A (Mdiff = .102, p < .05) than in phase A’ (see Figure 58). 
Figure 57. Children sample. Hayling Test: Proportion of correct completions by condition (Phase A 





    Phase A  Phase A’ 
10 yo M .94 .81 
 SD .06 .13 
11 yo M .93 .84 
 SD .06 .12 
12 yo M .93 .85 
 SD .07 .11 
Young A M .98 .86 
 SD .04 .10 
Young B M .97 .86 
 SD .04 .12 
Young-old M .97 .78 
 SD .05 .15 
Old-old M .96 .77 
  SD .07 .18 




















Young A and Children  
The main effect of age, F(1, 105) = 5.52, p < .05, ηp2 = .05, and of phase, F (1, 105) = 12.08, p < .001, 
ηp2 = .53, was significant. Results are graphically summarized in Figure 59. Children correctly 
completed a smaller proportion of sentences than young (Mdiff = -.03, p < .05). Moreover, the 
proportion of sentences correctly completed was higher in Phase A (Mdiff = .11, p < .001) than in 
phase A’, for all individuals. 
Figure 58. Young adults and Children. Hayling Test: Proportion of correct completions by condition 
(Phase A and A’) by age group. Error bars represent SD. 
 
 
Young B and Older adults 
The main effect of age, F (2, 159) = 4.33, p < .05, ηp2 = .05, of phase, F (1, 159) = 205.93, p < .001, 
ηp2 = .56, and the interaction Age X Phase, F (2, 159) = 6.408, p < .01, ηp2 = .07, were significant. 
Results are graphically presented in Figure 60. To test the interaction, planned comparisons were 
conducted. More sentences were correctly completed in Phase A than in Phase A’, F (1, 159) = 23.86, 
p < .001 for young; F (1, 159) = 107.08, p < .001, for young-old, and F (1, 159) = 101.80, p < .001 for 
old-old. Young adults completed more correct sentences in the A’ phase than young-old, F (1, 159) = 
7.82, p < .01, and old-old, F (1, 159) = 9.97, p < .01 that did not differ from each other. However, no 





















Figure 59. Young and Older adults. Hayling Test: Proportion of correct completions by condition 





RESPONSE TIMES143  
Means, standard deviations of the median response times (ms) by age group and by Phase (A-A’), are 
presented in Table 32. 
 
Table 33. Hayling test: Median RTs in ms. for the Phase A and 















Repeated measure GLM analyses were conducted to examine the effects of age and phase (A vs A’) 




                                                 
143 As a reminder, minimum and maximum threshold were defined for response latencies: only response times included between 400 and 
7000 ms were analyzed (the proportion of valid RTs are presented in Appendix X). Response times that fell below 400 ms were considered 
to be anticipations (we remind that response times include also reading times due to the characteristics of the PsyScope software) and the 
ones over 7000 were assumed to be lapses of attention and were discarded from all analyses. 
   Phase A Phase A’ 
10 yo M 3153.14 4527.47 
 SD 751.19 630.47 
11 yo M 2619.97 4459.37 
 SD 695.16 956.66 
12 yo M 2710.17 4351.38 
 SD 855.31 828.58 
Young A M 1717.07 3607.22 
 SD 313.13 912.626 
Young B M 1748.41 3599.74 
 SD 430.68 932.627 
Young-old M 1817.71 3524.98 
 SD 343.58 764.543 
Old-old M 1883.88 3664.41 





















Children (10- to 12- years olds). 
Only the main effect of phase, F (2, 51) = 23.80, p < .001, ηp2 = .82, was significant. Children 
completed sentences slower in Phase A’ than in Phase A (Mdiff = 1618.31, p < .001). Results are 











Figure 60. Children Sample Hayling Test: Median RTs (ms) by condition (Phase A and A’) and age 
group. Error bars represent SD. 
 
 
Young A and Children 
The main effect of age, F (1, 97) = 58.31, p < .001, ηp2 = .37, and of phase, F (1, 97) = 417.42, p < 
.001, ηp2 = .83, were significant. Children were slower than young adults (Mdiff = 974.27, p < .001), 
and median response latencies were longer in Phase A’ than Phase A (Mdiff = 1748.73, p < .001). 
Results are graphically presented in Figure 62. 
Figure 61. Young adults and children. Hayling Test: Median RTs (ms) by condition (Phase A and A’) 

















































Young B and Older adults 
Results showed only a main effect of phase, F (1, 150) = 837.35, p < .001, ηp2 = .84 (see Figure 63) 
Participants response latencies were faster in the A Phase than in the A’ one (Mdiff = -1779.71, p < 
.001). 
Figure 62. Young and Older adults. Hayling Test: Median RTs (ms) by condition (Phase A and A’) and 
age group. Error bars represent SD. 
 
 
INDEX: RELATIVE DIFFERENCE ON THE PROPORTION OF CORRECT COMPLETION 
Means and standard deviations, for the relative difference between the proportion of correct 
completions in the Phase A’ and A phase [(proportion of correct completions in Phase A’ - proportion 
of correct completions in Phase A / proportion of correct completions in Phase A’]144, by age groups 
are presented in Table 34 and graphically displayed in Figure 64.  
Univariate analyses of variance (ANOVA) were conducted to examine the effects of age on the 
relative differences between the proportion of correct completion in Phase A and A’.  
Table 34. Hayling test: Index on correct 
completions (means and standard deviations) by 
age group.  
  Correct completions 
10 yo M -.14 
 SD .15 
11 yo M -.10 
 SD .09 
12 yo M -.09 
 SD .10 
Young A M -.12 
 SD .10 
Young B M -.10 
 SD .11 
Young-old M -.19 
 SD .14 
Old-old M -.20 
 SD .17 
                                                 

























Children (10- to 12- year-olds). 
No significant difference emerged within the children group. 
 
Young A and Children 
Results indicated that the effect of age was not significant.  
 
Young B and Older adults 
The main effect of age was significant, F (2, 159) = 6.64, p < .01, ηp2 = .07 (see Figure 64). Dunnett’s 
T3 revealed that the mean difference between young and either the young-old or the old-old was 






Figure 63. Hayling Test: Index based on the proportion of correct completions by Age group. 
 
 
INDEX: RELATIVE DIFFERENCE ON RESPONSE TIME FOR PHASE A AND A’ 
Means, standard deviations on the index computed as a relative difference between the median RTs of 
the A and A’ phases [(median response latency of Phase A’ - median response latency of Phase A / 
median response latency of Phase A’] are presented in Table 35 and graphically displayed in Figure 
65. Univariate analyses of variance (ANOVA) were conducted to examine the effects of age on the 
relative difference index for the Phase A and A’.  






Table 35. Hayling test: Index on response latencies 
(means and standard deviations) by age group.  
    Response latencies 
10 yo M .50 
 SD .34 
11 yo M .76 
 SD .35 
12 yo M .69 
 SD .40 
Young A M 1.13 
 SD .53 
Young B M 1.12 
 SD .58 
Young-old M .96 
 SD .38 
Old-old M .98 
  SD .44 
 
 
Children (10- to 12- year-olds). 
Results indicated that the effect of age in the children group was not significant.  
 
Young A and Children 
The main effect of age was significant, F (1, 97) = 28.29, p < .001, ηp2 = .22. Young adults, contrary 
to our hypothesis, presented a larger interference index than children (Mdiff = .499, p < .001).  
 
Young B and Older adults 
The main effect of age was not significant.  
Figure 64. Hayling Test: Index based on the median RTs by Age group. Errors bars represent SD. 
 
 






The proportion of errors in Phase A (unexpected words, wrong words, missing response), and in the 
phase A’ (expected words, uncompleted sentences) were analyzed. Two one-way ANOVAs with the 
proportion of errors in the Phase A and in the A’ as dependent variables and age as fixed between 
factor were conducted. Means, standard deviations are presented in Table 36. 
Table 36. Hayling test: Proportions of errors 
for the Phase A and A’ (means and standard 
deviations) by age group.  
  Phase A Phase A’ 
10 yo M .05 .13 
 SD .06 .15 
11 yo M .07 .10 
 SD .06 .09 
12 yo M .05 .08 
 SD .07 .09 
Young A M .02 .12 
 SD .04 .10 
Young B M .03 .10 
 SD .04 .11 
Young-old M .03 .19 
 SD .04 .14 
Old-old M .03 .19 
 SD .06 .16 
 
 
Children (10- to 12- year-olds). 
Results did not reveal any significant age effect for either analyses.  
 
Young A and Children 
The main effect of age was significant only for the proportion of errors in the phase A, F (1, 105) = 
8.82, p < .01, ηp2 = .07, with young adults committing fewer errors than children (Mdiff = -2.93, p < 
.01) (see Table 36). 
 
Young B and Older adults 
Analyses indicated that the main effect of age was significant only for the proportion of errors in the 
A’ phase, F (2, 159) = 6.41, p < .01, ηp2 = .07, with Young-old and old-old showing a higher number 
of errors than young (respectively, Mdiff = .08, p < .01 and Mdiff = .09, p < .01) (see Table 36). 
 
To control for the possible contribution of verbal proficiency on the effects obtained, ANCOVA 
analyses with the verbal fluency (mean score between the D and M letters of the verbal fluency task) 
as covariate were run on both the indexes (based both on correct completion and on median response 
latencies). Results replicated those found with the ANOVA, hence supporting that the covariate did 
not affect performance. 





SUMMARY OF RESULTS IN THE HAYLING TASK 
Results both for the proportion of correct sentences completed and for relative differences, suggest that 
between 10- to 12-year-olds, there are no differences (in terms of an increase) in the ability to suppress 
a dominant response. In addition, the children were as efficient as the young adults in completing 
sentences with an unexpected ending in the suppression condition. In contrast, the two groups of 
elderly completed fewer correct sentences than the young in the suppression condition. Young-old and 
old-old presented a more important decrease (20%) in the proportion of correct completion from phase 
A to Phase the A’, as compared to the young (11%).  
Additionally, analyses on median response latencies showed that all groups had slower response 
latencies in the suppression condition than in the initiation one. Children were slower in both the 
initiation and suppression conditions than young adults. However, analyses on relative difference 
index highlighted that young adults, contrary to our hypothesis, presented a more important inhibitory 
index than children. The increase in completion times between the two conditions was higher for 
young adults (110%) than for children (57%). This could be due to a higher activation of the expected 
words in young adults. Because of the difference in the verbal knowledge between young and children, 
the sentences selected could have a different impact on the two groups. Thus, the sentences can be 
more “high-clozed” for young adults than for children.  
 
Overall, although no age differences were present in the efficacy of inhibiting a dominant response 
within the group of children and between children and adults, a decline emerged in late adulthood: 
elderly adults were less efficient than young adults in suppressing dominant responses when 
completing sentences with an unexpected word.  
 
 
III.3. DIRECTED FORGETTING BLOCKED CUEING TEST 
The ability to inhibit irrelevant information was examined by taking into account the advantage or the 
benefit of the directed forgetting procedure. In fact, the inhibition of information no longer relevant for 
the task (first half of the list, to be forgotten -TBF) should favor a better encoding of the remaining of 
the list, as reflected by a higher recall of “to be remembered” items (second half of the list, to be 
remembered-TBR). If this is the case, an increase in the number of words recalled in the directed 
forgetting condition is expected, as concerns the second-half of the list. Thus, for example, more 
words of the second half of the list should be remembered in the Forget-Only than in the Remember –
Only condition. Conversely, maintenance of the information to be forgotten should compete with the 
task goal, the information to be remembered, reduce the recall of the items to be remembered, or the 
efficacy of their retrieval. The procedure used also permits to assess the cognitive benefit/cost relative 
to the intra-list cue given. 





In this section we will analyze whether:  
a) the different conditions (Remember-All, Forget-Only, Remember-Only, Forget-All) 
affected the recall of TBR items;  
b) the memorization of only 10 words, that is TBR-R items in the Forget All condition, is 
more advantageous with respect to the TBR-R2 (to be remembered words, second part of the list) 
items in the Remember All condition, in which the instruction to recall all the words presented. If the 
directed forgetting procedure favors the recall of TBR words, a higher number of TBR is expected in 
the Forget-All condition, due the instruction given, with respect to the Remember-All condition 
(Benefit 1). Moreover, participants with efficient inhibitory mechanisms should maximize the 
difference between these conditions in the recall of TBR words;  
c) the recall of only 10 words in the Forget-Only condition produces an higher recall of TBR 
items compared to the Remember-All condition in which all the 20 words have to be recall (Benefit 2); 
d) the “to be forgotten” instruction, in the in the suppression of TBF item, in the Forget-Only 
condition, is more advantageous than the intra-list cue of the Remember-Only condition. The directed 
forgetting procedure should yield a decrease in the number of TBF words recalled in the Forget-Only 
with respect to the Remember-Only conditions. Indeed, if the directed forgetting procedure favors the 
recall of TBR words, we can make the hypothesis that the recall will be higher in the Forget-Only 
condition compared to the Remember-Only one, for the last 10 words (Benefit 3). 
With the following analyses the advantage of the directed forgetting procedure is investigated. 
 
Additionally, we will examine the number of intrusion errors, that is TBF words that were recalled, 
and hence not suppressed, in both the Forget-Only condition and in Remember-only one, that is to say 
conditions in which the recall of TBF was an error.  
 
Means, standard deviations for each age group as a function of the TBR (to be remembered), and TBF 
(to be recalled) items recalled in each of the conditions considered are presented in Table 37. 






Table 37. Directed Forgetting test: Mean number of words recalled (means and standard 
deviations) for the TBR and TBF recalled by condition and by Age group.  
    Remember-All Forget-Only Remember-Only Forget-All 
    TBR_R1 TBR_R2 TBR_R TBF_F*145 TBR_R TBR_F* TBR_R TBF_R 
10 yo M 3.50 3.00 3.17 .89 2.5 1.28 3.11 1.38 
 SD 2.09 1.61 1.95 1.02 1.98 1.36 2.25 1.14 
11 yo M 3.66 2.94 3.89 .89 2.83 1.17 2.89 2.16 
 SD 2.14 2.36 1.68 1.18 1.2 1.42 1.75 1.75 
12 yo M 3.20 3.00 3.96 .79 3.25 1.42 3.46 2.33 
 SD 1.99 1.96 1.9 1.06 1.98 1.47 2.45 2.21 
Young A M 5.47 6.04 7.3 .35 6.67 .37 7.13 4.41 
 SD 2.59 2.37 2.44 .99 2.51 .64 2.26 3.43 
Young B M 5.82 6.09 7.21 .51 6.38 .79 7.21 4.7 
 SD 2.56 2.38 2.39 1.43 2.32 1.63 2.33 3.23 
Young-old M 3.32 4.25 5.07 1.18 3.93 1.08 4.66 2.5 
 SD 2.09 2.36 1.81 1.27 2.15 1.26 2.32 2.6 
Old-old M 3.30 3.18 4.05 .96 3.31 1.00 3.58 1.78 
 SD 2.09 1.76 1.97 1.39 1.59 1.47 1.99 1.55 
TBR = to be remembered words; TBF = to be forgotten words; R = remember, F = forget; R1 = remember, first half of the list;  
R2= remember, second half of the list 
 
 
TBR WORDS RECALLED 
Repeated measure GLM analyses were conducted to assess the effect of age, condition (4: Remember-
All, Forget-Only, Remember-Only, Forget-All) on the TBR words recalled –the last 10 words only 
(see Figure 66). 
 
 
Children (10- to 12- year-olds). 
Results showed only a significant main effect of condition, F (2, 57) = 3.37, p < .02, ηp2 = .05 (see 
Figure 66). The TBR recalled differed significantly between the Forget-Only condition and the 
Remember-Only one (Mdiff = .81, p < .01), with more words recalled in the Forget-Only condition 
 
Young A and Children 
The main effects of age, F (1, 104) = 110.69, p < .001, ηp2 = .51, condition, F (2, 104) = 9.12, p < 
.001, ηp2 = .08, were significant (see Figure 66). The young adults recalled more TBR than children 
(Mdiff = 3.59, p < .001). Participants recalled more TBR words in the Forget-only condition and in the 
Forget-All condition, that did not differ from each other, than in the Remember-All (respectively, 
Mdiff = .98, p < .001 and Mdiff = .64, p < .001). In the Remember-Only condition fewer TBR words 
were recalled than in the Forget-Only one (Mdiff = -.71, p < .01). However, the TBR words recalled 
between the Remember-Only and Forget-All did not differ. 
                                                 
145 * words incorrectly recalled 





Young B and Older adults 
Only the main effects of age, F (2, 160) = 49.14, p < .001, ηp2 = .38, condition, F (2, 160) = 14.71, p < 
.001, ηp2 = .08, were observed (see Figure 66). The interaction was not significant. Tukey’s post-hoc 
comparisons showed that the young adults recalled more TBR than young-old (Mdiff = 2.24, p < .001) 
and than old-old (Mdiff = 3.19, p < .001). In addition, young-old differed significantly from the old-
old (Mdiff = .94, p < .001). Participants recalled more TBR words in the Forget-only condition and in 
the Forget-All condition, that did not differ, than in the Remember-All (respectively, Mdiff = .94, p < 
.001, Mdiff = .64, p < .01) and in the Remember-Only (respectively, Mdiff = .90, p < .001, Mdiff = .60, 
p < .001) ones. The difference in the TBR recalled, between these two latter conditions (Remember-
All and Remember-Only), was not significant. All groups, independently of their age, showed an 








Figure 65. Directed Forgetting: TBR words by conditions and by age group. Errors bars represent 
SD. 
 
INDEXES OF BENEFIT  
To assess efficient directed forgetting, several indexes of benefit were computed. They were calculated 
as follows:  
BENEFITS 
- 1) Forget-All, TBR_R – Remember-All, TBR_R2. 
- 2) Forget-Only, TBR_R – Remember-All, TBR_R2;  
- 3) Forget-Only, TBR_R – Remember-Only, TBR_R. 
 
The directed forgetting intra-list instruction of the Forget-Only and Forget-All conditions should favor 
the recall of the TBR items, with respect to the Remember-All and Remember-Only ones, if no longer 
relevant information (first part of the list for the Forget-Only and Forget-All conditions) has been 





inhibited. Indeed, in the Forget-Only and Forget-All conditions the intra-list cue should favor (benefit) 
the encoding and retention of the relevant information.  
These indexes were named Index B1, B2 and B3. 
To control for individual and developmental differences in the “memory capacity” a proportion, rather 
than a difference was used.  
 
Before describing the results concerning the different indexes, analyses on the mean number of words 
(TBR) recalled in the Remember-All (considered as baseline) condition will be presented. 
An analysis of variance with age as the independent variable (between factor), and the mean number 
of TBR words of the Remember-All were conducted. 
Means, standard deviations for each age group as a function of the mean number of TBR items 
recalled in the Remember-All condition are presented in Table 38. 
Table 38. Directed Forgetting test: Means and 
standard deviations for the percentage of TBR 
recalled in the Remember-All condition, by age group.  
 
    Remember-All 
    TBR 
10 yo M 3.25 
 SD 1.59 
11 yo M 3.30 
 SD 2.01 
12 yo M 3.10 
 SD 1.67 
Young A M 5.76 
 SD 2.15 
Young B M 5.95 
 SD 2.11 
Young-old M 3.78 
 SD 2.17 
Old-old M 3.24 




Children (10- to 12- year-olds). 
Results did not reveal a significant main effect of age on the mean number of TBR recalled. 
 
Young A and Children 
The main effect of age was significant, F (1, 104) = 45.70, p < .001, ηp2 = .30, with young adults 
recalling more TBR than children (Mdiff = 2.55, p < .001).  
 
 





Young B and Older adults 
Young adults recalled more TBR than young-old (Mdiff = 2.17, p < .001) and than old-old (Mdiff = 





Means, standard deviations for the Benefit indexes for each age group, are presented in Table 39. 
 
Table 39. Directed Forgetting test: Benefits indexes (B1, B2, B3) 
and the mean Benefit (means and standard deviations) by age 
group. 
  Benefit indexes 
   B1 FA vs RA 
B2 
FO vs RA 
B3 
FO vs RO Mean 
10 yo M .00 .28 .12 .13 
 SD .58 .69 .59 .45 
11 yo M .42 .48 .69 .53 
 SD 1.52 .74 1.20 1.05 
12 yo M .19 .30 .53 .34 
 SD 1.00 .87 .96 .69 
Young A M .35 .14 .39 .29 
 SD .63 .50 .82 .56 
Young B M .29 .17 .29 .25 
 SD .59 .48 .59 .45 
Young-old M .38 .41 .56 .45 
 SD 1.42 .77 1.28 .99 
Old-old M .19 .30 .62 .37 
  SD .72 .82 1.51 .79 
 
Univariate analyses were conducted to examine the effects of age on the relative differences for these 



















Results did not reveal any significant effect of age neither in any of the benefit indexes, nor in the 
mean benefit index computed between the three indexes. 
 
Figure 66. Directed Forgetting: mean Benefit indexes (B1, B2, B3) and the overall mean Benefit index 
by age group. 
Neither the benefit indexes nor the averaged index, demonstrated age-related differences in childhood 
or in late adulthood. In fact, children, as well as older adults, seem to benefit to the same extent than 
young adults from the directed forgetting procedure, recalling more words when the intra-list cue to 
forget is provided. However, it is important to highlight the important intra-group variability. 
 
INTRUSIONS 
Another measure of the efficacy of inhibitory processes are intrusion errors. The larger the number of 
intrusion errors, the more inefficient the inhibition. The recall of TBF items in the Forget-Only 
condition as well as the recall of TBR words (TBR_F) belonging to the first part of the list in the 
Remember-Only condition can be considered as failure in inhibitory processes.  
GLM multivariate analyses were conducted on the proportion of the TBF recalled in the Forget-Only, 
and of TBR incorrectly recalled in the Remember-Only condition, with the age group as fixed factor. 
 
Means, standard deviations for the proportion of intrusion errors in the Forget-All and Remember-
Only conditions for each age group are presented in Table 40 and graphically displayed in Figure 68. 





Table 40. Directed Forgetting test: Means and standard deviations for the proportion of intrusion errors 














Children (10- to 12- year-olds). 
Children did not differ in the proportion of intrusion errors (see Figure 68). 
 
 
Young A and Children 
The main effect of age was significant for the proportion of both TBF recalled in the Forget-Only, F 
(1, 104) = 8.41, p < .01, ηp2 = .07, and of TBR_F incorrectly recalled in the Remember-Only 
condition, F (1, 104) = 2.11, p < .001, ηp2 = .16 (see Figure 68). Children showed a higher proportion 
of intrusion errors in the Forget-Only and Remember-Only than young (respectively, Mdiff = .25, p < 
.01 and Mdiff = .40, p < .001). 
 
Young B and Older adults 
The main effect of age was significant on the proportion of both the TBF recalled in the Forget-Only, 
F (2, 160) = 8.17, p < .01, ηp2 = .09, and of TBR_F recalled in the Remember-Only condition, F (2, 
160) = 3.01, p < .05, ηp2 = .05 (see Figure 68). Young produced less intrusions of TBF than young-old 
(Mdiff = -.35, p < .001) and than old-old (Mdiff = -.19, p < .05). The two groups of older adults did not 
differ. Young-old but not old-old showed a larger important proportion of intrusions in the Remember-
Only condition, as compared to young (Mdiff = .23, p < .05). 
  Intrusions 
  Forget-All Remember-Only 
10 yo M .36 .56 
 SD .50 .80 
11 yo M .37 .42 
 SD .52 .49 
12 yo M .30 .46 
 SD .58 .51 
Young A M .09 .07 
 SD .28 .14 
Young B M .10 .15 
 SD .27 .29 
Young-old M .45 .38 
 SD .54 .61 
Old-old M .29 .30 
 SD .47 .42 






 Figure 67. Directed Forgetting: Proportion of intrusion errors for the Forget-Only and Remember-
Only conditions by age group. Errors bars represent SD. 
 
Analyses on intrusion errors (TBF recalled in the Forget-Only and TBR_F incorrectly recalled in the 
Remember-Only) indicated that children and elderly participants demonstrated a higher number of 
intrusions, recalling more TBF words in the Forget-Only condition and more TBR_F, than young 
adults. Moreover, young-old but not old-old had more difficulty in inhibiting TBR_F items in the 
Remember-Only condition than young adults. It is important to note that TBR_F in the Remember-
Only condition could also represent a deficit in source memory and not only in inhibitory efficacy. No 
developmental differences were observed between 10- to 12-year-olds. 
 
SUMMARY OF RESULTS IN THE DIRECTED FORGETTING TASK 
Altogether, these results showed an increase in the TBR words recalled when participants, 
independently of their age, were instructed to forget a part of the word list (Forget-Only and Forget-
All conditions). This finding indicates that TBF words in the Forget-Only and Forget-All were 
inhibited, or probably not rehearsed, favoring the recall of TBR words of the second part of the list, 
respect to the other conditions. If the main effect of age was nearly present in all analyses considered, 
the interaction Age x Condition was not significant. The 10- to 12-year-olds recalled more TBR only 
in the Forget-Only condition as compared to the Remember-Only condition, but age-related 
differences in the TBR recalled were not observed. Moreover, young adults, independently of the 
condition, recalled more TBR words than children and than older adults. A linear age-related decline 
for the TBR recalled between young and older adults emerged, since young-old recalled more TBR 
than old-old.  
All age groups did benefit from the directed forgetting procedure as indicated by the results of the 
indexes of benefit. Moreover, contrary to our expectations, young adults did not show a higher benefit 
that children and older adults. It remains that young adults committed less intrusion errors of words no 
longer relevant than children and than older adults, respectively. 
 






6.IV. COMPARISONS WITH THE GENEVAN STUDIES 
The team of Prof. A. de Ribaupierre at the University of Geneva conducted several studies adopting a 
multivariate design, in which fairly the same tasks and procedures as those adopted in the current 
study were used. Thus, it is interesting to compare the mean groups’ across these studies. These 
comparisons will allow to verify, in short, if the results on some tasks are stable across different 
studies, and thus if they can be replicated. The main objectives by de Ribaupierre studies are briefly 
presented to highlight common aims with the present study. 
In 1997, de Ribaupierre, in a project named “Working memory and selective attention in a life span 
perspective” (1997146), studied the role of processing speed and inhibition on the age-related changes 
in working memory capacity. The findings of this project lead to the development of a second one, 
“Dimensionality of inhibition across the life span147” (2004), in which the joint influence of activation 
and inhibition on working memory was examined. Together, these studies provide quite a complete 
panorama of the main factors explaining developmental changes in higher-level processes across 
lifespan. Their originality and complexity lie on the conjunction between a developmental (child 
development and cognitive aging) approach, an individual differences approach (multivariate design in 
which all the paradigms are administered to all participants), and an experimental one. As the project 
of 1997 used different versions of working memory and inhibitory tasks, the direct comparison was 
not possible. 
Another interesting study, that follows the same theoretical lines and experimental approach adopted 
in the two SNF studies mentioned, was the one by de Ribaupierre and Ludwig (2003)148. They focused 
on age-related differences between young and older adults in divided attention, administering single 
and dual tasks. Even though inhibitory tasks were not used, an interesting comparison can be done on 
working memory measures between young and older participants, as the sample are completely 
independent149. 
 
As we described earlier (see section 5.II), a modest part of the sample of young and older adults, of the 
current study, was common with the SNF study on inhibition (23% of young adults and 31 % of older 
adults). Nevertheless, the sample of the SNF study was larger than the one used in the current one, 
with the larger discrepancies found in the children group. In addition, children tested in the SNF study 
were theoretically150 more representative of the Geneva population as they were chosen in different 
                                                 
146 SNF N° 14040465.94 
147 SNF N° 1114-052565.97 
148 The data are part of a multidisciplinary project “Brain energy metabolism in Dementias of the Alzheimer type: physiopathological 
mechanisms and correlations with  functional brain imaging and cognitive performance” (Magistretti, P., Slosman, D., De Ribaupierre, A, 
Herrmann, F., Michel, J-P., Giacobini, E., Bouras, C., Annoni, J-M., & Pellerin, L., 2001).   
149 As the de Ribaupierre and Ludwig (2003) study included a unique group of older adults (without distinguishing between young-old and 
old-old adults) contrary to the present study, both the groups of elderly participants of the present study were compared to the sample of older 
adults.  
 
150 Our sample respect the statistics of the SRED (see the Appendix 1) and thus reflects quite adequately the children population in Geneva-   





primary schools. The results of the comparisons between the present study (p1), the de Ribaupierre et 
al. (2004) study on inhibition (p2), and the de Ribaupierre and Ludwig (2003) (p3) are presented in 
Table 41. Mean comparisons with independent samples t-test were conducted for each age group 
across studies.  
Descriptive statistics of the p2 study are presented in Appendix, section A.10.VII.  
A specification must be done: the 10 year-old children of p2 study were presented with an auditive 
version of the Reading Span test (also called Listening Span test) and of the Hayling test. This 
procedure was adopted, contrary to the present study, because no measures of children decoding skills, 
or reading speed control variable were used. This was dictated from inclusion in p2 of samples of 
children who could have reading difficulties.  
Globally, the comparisons between p1 and p2 studies indicated similar performances in the working 
memory measures both in the mean number of correct words recalled in the Reading span test, and in 
the mean number of correct association words/positions in the Matrices. However, the comparisons 
showed significant differences between 12 year-old children of p1 and p2. In p1, 12 year-old children 
were more rapid in judging sentences in both conditions of the reading span test. It is interesting to 
note that between the listening and reading span test for 10 year-olds the mean response times nearly 
doubled (p1: 3085.5 vs p2: 1179 msec., for the simple condition; p1: 4068.58 vs p2: 2197 msec., for 
the dual condition). This led to a significant difference between p1 and p2 studies, with 10 year-olds of 
p1 showing longer response latencies in judging sentences than p2 children. Nevertheless, 10 year-olds 
of p1 were faster than p2 in completing both the processing speed tasks. Also old-old adults of p1 
study had longer response latencies than the one in the p2 study in judging sentences in the simple 
condition. One must remember, however, that old-old adults of p1 were older than old-old participant 
of the p2 study (mean age, p1: 75.90; p2: 74.76). In the inhibitory/interference tasks two main 
differences were found: old-old adults of p1 had a more important index of interference than the p2 
old-old, and the 11 year-olds of p1 had longer response latencies to complete sentences in the 
suppression phase of the Hayling task. A possible reason for the difference between the two groups of 
old-old adults could be due to the different age averages. No difference on the control tasks 
(vocabulary, verbal fluency and Raven test) between p1 and p2 emerged. The comparison between p1 
and p3 showed a more important working memory capacity of p1 young-old adults than of p3 ones, 
but only in the Reading Span test; no difference was observed in the mean number of correct 
associations in the Matrices test. Young-old adults of p1 study recalled less correct positions either in 
the simple or in the dual condition than did p3 young-old adults. Moreover, old-old p1 adults have 
poorer recall in both types of stimuli and conditions than p3 older adults. This difference is certainly 
due to the fact that older adults in the p3 study were younger (72.24 year of age) than old-old adults of 
p1. However, it is interesting to note that old-old adults did not differ in the working memory capacity 
(reading span and matrices tasks) as compared to the older adults of p3 study. Comparisons on 





response latencies were not possible for the two studies used different criterion (median vs mean 
response times).   
Taken together, the comparisons between the three studies indicated only very modest differences 
across comparable each age group. We can thus conclude in favor of a stability of the findings on 
individual differences among individuals of similar age using the same paradigms in working memory 
tasks, inhibitory/interference and processing speed. 





Table 41. Summary of the comparisons between studies on working memory (reading span test; 
matrices test), Inhibition/interference (Stroop color test; Hayling test indexes); Processing speed 
(pattern and letter comparison); and control tasks (vocabulary, verbal fluency; Ravent test) 
2: “Dimensionality of inhibition across the life span perspective” study 
3: “Brain energy metabolism in Dementias of the Alzheimer type: physiopathological mechanisms and correlations with  functional brain 
imaging and cognitive performance” study 
= no significant differences; / not administered; *visual modality presentation vs listening one. 
 
 
                                                 
151 mean response latencies vs median response latencies 
 
152 mean response latencies vs median response latencies 
153 Indexes based on relative differences 
154 Indexes based on relative differences 
 Present Study (p1) –  de Ribaupierre 2004 (p2)2 Present Study (p1) –  de Ribaupierre 2003 (p3)3 
Working memory   
Reading span test (Rspan)   
Rspan 
 (words correctly recalled) = Young-old: p1 > p3; t = 2.88, df = 135, p < .01 
 
Rspan_ Judgment time  
simple condition 
= 
12 yo: p1 < p2; t = -2.53, df = 42, p < .05 




Rspan_ Judgment time  
dual condition 
= 
10 yo: p1 > p2; t = 5.24, df = 62, p < .001 (visual vs 
listening version) 
12 yo: p1 < p2; t = -2.29, df = 42, p < .05 
/152  
 
Matrices test   
 
Matrices simple words 
= 
10 yo: p1 > p2; t = 2.28, df = 69, p < .01 
= 
Old-old: p1 < p3; t = -2.05, df = 127, p < .05  
 
Matrices dual words = 
= 
Old-old: p1 < p3; t = -3.02, df = 128, p < .001 
 
Matrices simple positions = 
= 
Young-old: p1 < p3;t = -6.46, df = 144, p < .001 
Old-old: p1 < p3; t = -7.32, df = 136, p < .001 
 
Matrices dual positions = 
= 
Young-old: p1 < p3; t = -4.11, df = 144, p < .001 
Old-old: p1 < p3; t = -5.25, df = 136, p < .001 
Matrices associations = = 
Inhibition   




Old-old: p1 > p2; t = 6.14, df = 116, p < .001 
 
 
Stroop_np = = 






10 yo: p1 > p2; t = 9.72, df = 77, p < .001* 
11 yo: p1 > p2; t = 2.53 , df = 51, p < .01 
 
/ 










10 yo: p1 < p2; t = -4.03 , df = 68, p < .001 
Old-old: p1 < p2; t = -2.05 , df = 124, p < .01 
 
/ 
Vocabulary = = 
Verbal Fluency (M-D letter) 
 = = 
Raven PM 38  = / 





6.V. SUMMARY OF UNIVARIATE ANALYSES 
As the design adopted implied an important number of tasks an overall view of the univariate findings 
is presented in Table 42. 
 
Table 42. Summary of the findings for each group with the significant main effect and/or interactions  
(p values and partial effect sizes associated).  
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TP x TQ 

































Global performance AGE .05 .12 AGE .05 .08 AGE .001 .19 
Working memory           
 Reading span           
  Words correctly 
recalled  AGE .05 .12 AGE .001 .21 AGE .001 .10 
 Matrices           
  Correct associations AGE .05 .11 AGE .001 .35 AGE .001 .18 
Inhibition Restriction           
 Stroop           
  Incongruency Index  -- -- -- -- -- -- -- -- -- 
  Np Index -- -- -- -- -- -- AGE .05 .03 
  Congruency Index -- -- -- AGE .01 .08 -- -- -- 
 Hayling           
  Time completion 
Index -- -- -- AGE .001 .22 -- -- -- 
  Sentence completion 
Index -- -- -- -- -- -- AGE .01 .07 
Inhibition Deletion          
 Directed Forgetting           
   Df benefit Index -- -- -- -- -- -- -- -- -- 
Intrusions           
  Rspan  -- -- -- AGE .01 .07 AGE .01 .07 
  TBF_Fo -- -- -- AGE .01 .07 AGE .01 .09 
  TBR-F_Ro -- -- -- AGE .001 .16 AGE .05 .05 
Processing Speed          
  Letter comparison  -- -- -- AGE .001 .32 AGE .001 .38 
 Pattern comparison  AGE .05 .12 AGE .001 .28 AGE .001 .31 
Tp: Text presentation condition; TQ: Type of question 
--: no significant effects 
 
The results obtained will be briefly discussed for each age group studied. 
 





Concerning the comparison between the 10- to 12 year-olds a main effect of age emerged in the 
following variables: reading comprehension performance, working memory, and the processing speed 
measures.  
In contrast, age differences were not observed in the tasks indexing either the restriction or the deletion 
function of inhibition. It could be, therefore, argued that the inhibitory efficacy does not increase to the 
same extent as other cognitive abilities studied. Its development, furthermore, is certainly less marked 
than the one concerning the working memory capacity and that of speed of processing in these two 
years (in 10 to 12 year-old children). At the same time, the lack of reliability of inhibitory measures 
could also explain this pattern of results. An important point that has not been much underscored in the 
description of univariate results is that the age-related differences observed in the children sample 
concerned younger (10 year olds) and older children (12 year olds). Indeed the 11 year-olds showed 
similar performance to 10 and 12 year-olds.  
In the Experimental Reading Comprehension task, text presentation conditions, as expected, affected 
both the reading and the responses times. Indeed, in the comprehension for text condition reading 
times were faster but response latencies longer, than in the memory for text condition. In addition, the 
inferential questions required more time to be answered than the detail questions. Nevertheless, none 
of the two experimental manipulations (type of question and/or type of question) interacted with age. 
Thus, children of the three age groups were affected similarly by the modality of text presentation and 
by the type of questions. Nonetheless, as was mentioned, results on response times must be interpreted 
with caution in the children sample, because of the reduced number of valid response times.  
The analyses on the proportion of errors showed that 10 year-old children committed more errors than 
12 year-old children; but, contrary to our hypotheses, children, independently of the age, were 
similarly affected by the modality of text presentation and type of questions. Indeed, all the children 
made more errors in the memory for text and in the inference questions. Furthermore, the interaction 
Text presentation and Type of question indicated that the difference between detail and inference 
errors was more accentuated in the comprehension condition than in the memory condition. When 
children can dispose of the text they can somehow compensate for their poor memory searching in the 
text in order to answer correctly the detail questions. In contrast, because of the memory load imposed 
in the memory condition, also the recall of details becomes more cognitive demanding. Hence, the 
difference between the numbers of errors for the two types of questions decreases.  
 
Age effects between the children and young adults were observed in all the variables, showing an 
increase from childhood to adulthood in almost all variables (and their underlying constructs) 
considered. Clear and important age effects (in terms of effect size) were observed for the working 
memory measures, the processing speed variables and the reading comprehension performance 
(errors).  





However, the age effects were absent or very weak as concerns the inhibitory measure, except for the 
main effect of age on the relative difference computed for response latencies for the Hayling task, 
which was quite important as demonstrated by the effect size. This effect indicated, however, that 
young adults but not children were more influenced by the suppression phase. This result probably 
indicates not a higher inhibitory efficacy of children compared to young adults but probably the fact 
that young have activated, to a different extent, the words to be suppressed: the high-clozed sentences 
are probably more high-closed for young than for children because of the higher verbal knowledge of 
the adults. In addition, even though the effect sizes were quite small, children committed more 
intrusion errors than young adults in both the Directed Forgetting and in the Reading Span tasks. 
Children were more likely to recall items presented on prior trials that should have been excluded from 
the memory set items. This is consistent with the age-related differences in the working memory 
capacity between children and young adults: a poor working memory capacity is associated with a 
higher number of intrusion errors. If, as Palladino et al. (2000) suggested, the intrusion of certain items 
into working memory depends on their level of activation, we can suppose that words presented in the 
Directed Forgetting Task and in the Reading Span test are more activated than words in the Hayling 
task, leading to a “lack” of inhibition (see Lecerf, et al., submitted; de Ribaupierre et al., 2004). 
In the Experimental Reading Comprehension task children were more affected than young adults by 
the text presentation modality. Indeed children not only presented longer reading times than young 
adults, but, the difference in the time to read text between the memory condition and in the 
comprehension condition was more important than in young adults. This interaction Age by Text 
presentation condition could underlie a different metacognitive attitude towards texts, showing a 
higher metacognitive control for the young adults, who are expert readers. In response latencies to 
questions, children had longer response times than young adults, and both age groups were influenced 
similarly by the text presentation condition and by the type of question (even if the main effect was 
marginally significant). Young adults and children were faster in answering to questions in the 
memory condition than in the comprehension condition. In addition, they had longer response times 
for inferential questions than detail ones. It is again difficult to place strong reliance to these results as 
analyses were conducted on 12 children only and 36 young adults.  
Robust effects were observed in the proportion of errors. Children committed more errors than young 
adults. Thus, the comprehension abilities clearly improved from childhood to adulthood. Both children 
and young adults made more errors in the memory condition and for the inferential question. An 
important point that warrants attention is that the Age by Text presentation condition interaction was 
due to detail questions and not to inferential ones. Children were more affected than young adults by 
the text presentation conditions for detail questions. Actually, we had made the opposite hypothesis. 
Indeed we had supposed, given the highest cognitive demand of inference making, that the difference 
between the two text presentation conditions would have more affected this type of question than the 
detail one and particularly in children. At the same time, inferential questions imply a greater memory 





for text, and, contrary to the detail information cannot be found in the texts; therefore if the inference 
process has not taken place in the comprehension condition there are no reasons why it should take 
place in the memory condition. This, in our opinion can explain this result. 
Moreover, the interaction Age by Type of question was significant in the comprehension for text but 
not in the memory for text. Children but not young adults were more hampered in answering 
inferential questions than detail ones in the comprehension condition, but not in the memory one.  
 
The comparison between young and older adults denoted a decline with age in the working memory 
measures, and in the processing speed ones.  
As for the comparison with children, the age-related differences inhibitory tasks were very modest. It 
is important to note that age differences in the negative priming effect were significant when young 
and old-old adults were compared. This could suggest that negative priming is reduced in the fourth 
age, but not in the third age. The conclusion that inhibitory mechanisms are more reduced in the old-
old than in the third age is, nonetheless, premature: not only is the effect size of age on negative 
priming quite small but, for example, young-old adults are more prone to intrusion errors of items to 
be forgotten in the Remember-Only condition than old-old ones. 
In the Experimental Reading Comprehension task (see Table 41), the main effect of age was 
significant only for errors (or correct answers). Nonetheless, for all the measures, the effect of 
conditions and interactions with age was omnipresent. In conformity with our hypotheses, results 
indicated that the three age groups needed more time to read text in the memory for text condition than 
in the comprehension one, but they responded faster to questions in the memory condition than in the 
comprehension one. In addition, the triple interaction that emerged in response latencies showed that 
young-old and old-old adults were more hampered than younger ones in answering detail questions in 
the memory condition compared to the comprehension one. Both groups of older adults needed more 
time to answer detail questions in the memory condition than young adults. Nevertheless, only for the 
young adults was the difference between the two experimental text presentation conditions significant 
for this type of question. Text presentation did not influence the response times on inferential 
questions. Whereas the impact of the type of question in the comprehension condition was similar 
between young and old-old adults, it affected more young-old than young adults. In addition, young-
old adults had longer response times than young ones for inferential questions compared to the detail 
ones in the comprehension condition.  
These patterns of results are quite interesting and may point to a probable different behavior between 
young-old and old-old adults, especially in answering inferential questions. If the type of text 
presentation influenced both young-old and old-old compared to young adults, the inferential 
questions affected more young-old than young adults and old-old in the comprehension condition. A 
possible interpretation is that the increase in response latencies in inferential questions in the 
comprehension condition for young-old is a sort of compensatory strategy they use to assure them of a 





better comprehension of text in this presentation condition. Perhaps, this particular behavior of young-
old adults was applied only in the comprehension condition because the memory one is too cognitively 
demanding for strategies use. Indeed, the use of such strategy, that is take more time to answer to 
questions, in the memory condition, could have an additional cost. In the comprehension condition, on 
the contrary, the possibility of re-reading the text to complete or perfect the mental model of the text 
would permit a better understanding of those parts of the text that are more difficult and that call for 
inference making to establish coherence in the text. Although no significant correlation was found 
between errors and response times for the young-old group, the “trade-off” interpretation, between 
accuracy and response times, cannot be totally rejected as the analyses on response times included 
only the 47% of the young-old participants. 
Results on the proportion of errors155 partially confirmed our hypotheses. Indeed, the interaction Age 
by Text presentation condition indicated that young and young-old adults had a similar performance 
in the comprehension condition. In addition, both groups outperformed old-old participants and 
presented a significantly lower proportion of errors. Nevertheless, clear age-related differences were 
observed in the proportion of errors in the memory condition, with young-old and old-old adults 
committing more errors than young ones. It is important to note that young-old adults were also 
significantly different from old-old, denoting a decline with age. If young-old adults, are used to 
comprehension situation with text available, take advantage of it in the comprehension condition, old-
old adults have, perhaps, to face a comprehension decline also in this usual situation. This is 
congruent with the hypothetical developmental curve of abilities linked to crystallized intelligence 
suggesting that the fourth age is characterized by a more accentuated decline. The maintenance of the 
comprehension ability in young-old compared to young adults could be ascribed to their reading 
experience that helps them in compensating for age-related decline in resource allocation. Young-old 
probably focused on text information essential to the construction of a coherent situation model, as 
ANCOVA analysis with vocabulary showed. In the memory condition, on the contrary, it is likely 
that the young-old could not remember the representation of the text. This is, probably, due to the fact 
that the memory condition is more cognitively demanding or resource demanding than the 
comprehension one. In fact, it is possible that young-old, as Radvansky et al. (2001) suggested, use 
the surface level to build their situation models in order to comprehend the text without maintaining 
it. The old-old participants, in contrast, seem to be impaired also in situation model processing, as we 
observed with lower comprehension scores in the comprehension condition, with respect to the young 
and young-old participants.  
In the Appendix section (A.5.) we reported results on the global comprehension score that indicated 
age-related differences between young and older adults. In this case, results included correct answers 
on both text presentation condition and type of questions; even if the mean differences in performance 
between young and young-old adults was less important than the one between the young and old-old 
                                                 
155 We remind the reader that analyses on errors and on correct answers yielded to similar pattern of results.  





ones, the decline in comprehension abilities was not questionable. Nonetheless, this could mean that 
reading comprehension tasks with a more important memory constraints bring to age-related 
differences also between young and young-old, than the ones included in more ecological reading 
comprehension situation. The adoption of the paradigm we built permitted us to point out the 
importance of dissociate between comprehension and memory for text before concluding in favor of a 
decline of reading comprehension skills with age. This dissociation could better clarify the 
development of reading abilities in aging. It is well established that aging is associated with a decline 
in most cognitive processes, especially in such mechanisms, general or specific, that weigh on 
attentional resources (e.g., Verhaeghen et al., 2003). Nevertheless, as we anticipated, hypotheses were 
only partially confirmed. Indeed the type of questions affected to the same extent young and older 
participants, contrary to our expectations.  
 
 
Altogether results showed thus an increase with age in working memory and in speed of processing 
from childhood to young adulthood, and a decrease in late adulthood. Age-related changes on 
inhibition/interference were less important and for some tasks even absent; this pattern of results 
concerns both analyses on relative differences (indexes) and also raw scores that globally did not 
reveal Age X Condition interaction.  
An increase in reading comprehension skills in children and a decline in late adulthood was observed. 
The decrease in comprehension abilities was more pronounced in old-old than young-old adults, who 
showed significant comprehension difficulties only under memory constraints (memory for text 
condition). The text presentation condition seemed to affect children and older adults more than young 
adults both in response times and in the mean proportion of errors and/or correct answers. On the 
contrary, age-related differences on the type of question and text presentation condition were not so 
important as supposed, with the exception of children. Indeed, the differences between the two 
comprehension conditions, for children, were significant only for detail questions and not for inference 
ones.  






V.1. AGE DIFFERENCES: COMPARISON ACROSS TASKS 
In order to simplify the presentation of results, and enable the comparison of performances across 
tasks and across samples, raw performances in each task were standardized relatively to the young 
adults (Young A and B), and then averaged (see Table 43, and Figure 69). Figure 69 shows the 
distribution of these standardized scores, averaged for each of the construct of interest: working 
memory (Reading span test and Matrices double test156); restriction and deletion function of inhibition 
(restriction: Stroop Color test-Interference and Negative Priming Indexes-, Hayling test –index based 
on response times; deletion: Directed forgetting task -benefit index-, and intrusions errors in the 
Directed Forgetting and in the Reading span test); processing speed157 (letter and pattern comparison); 
and reading comprehension158 (Experimental Reading comprehension task, correct answers) 
constructs.  
The verticals lines of Figure 69 indicate the mean of the young adults (mean = 0; SD =1). Thus, except 
the ones concerning processing speed and intrusions, all results situated at the left of horizontal line 
represent a lower performance with respect to the mean performance of young adults, and the ones at 
the right a better one. For the processing speed and the intrusions, the pattern of results has to be 
interpreted in the inverse sense: results at the left of the line (the zero) indicate that participants were 
faster, or committed a lower number of intrusion errors, respectively.  
Age trends observed (see Table 43, and Figure 69), as resulted by the univariate analyses, were less 
accentuated, or even null, for inhibition (restriction, deletion and intrusion), than for the other 
constructs. In contrast, age differences were large for the processing speed. Indeed, in this last 
construct the distribution of performances across the lifespan was very differentiated. The elderly 
participants and children, which distribution was overlapped, were less rapid in completing the 
processing speed tasks than the young adults. The working memory distribution, contrary to the one of 
processing speed, was somewhat intermediate: some young-old adults reached the higher performance 
of the young adults. In addition, the distribution of children performance overlapped the one of elderly 
participants, especially the one of old-old. Some of the 11 to 12 year-olds work as efficiently as the 
young adults with their memory, paraphrasing the Moscovitch conception of working memory 
(working with the memory).  
Concerning reading comprehension, the distinction between young A and B was maintained because 
of the different texts administered to children with respect to adults. Whereas the distribution of 
children and young A was very distinct, the one between young and elderly participants, was almost 
superimposed, especially the ones of young adults and young-old ones. This confirms our hypotheses 
on the development of reading comprehension abilities with age.  
                                                 
156 The working memory score, the inhibitory score, and the processing speed score corresponds to an average of the standardized scores in 
the tasks described. 
157 Processing speed measures were used in these analyses in order to compare the strength of age differences across the constructs of interest 
(reading comprehension, working memory, and inhibition). 
158 Not to confound the reader to give a general idea of age differences, only the global comprehension performance was presented.  





Age trends were also quite important in intrusion errors. In this construct, a clear superimposition 
between the distribution of the children, and of elderly adults was also observed. Conversely, a clear 
overlapping of distribution across the lifespan emerged in the restriction function of inhibition. The 
difference between children and young adults, and between young adults and older adults, in terms of 
standard deviations, was much smaller in inhibition than in the other constructs. Indeed, as the 
univariate analyses showed, the restriction function of inhibition seem not be very sensible to age-
related changes or to vary with ageing. Nonetheless, looking at standard deviations, the difference in 
the restriction function between children and young adults seemed to have a more important weight 
than between young and older adults.  
Taken together the age trend results indicated that the role of age varies according to the construct of 
interest (more accentuated for processing speed, working memory, reading comprehension, and the 
deletion function of inhibition, reduced for the restriction function of inhibition). In addition, it has a 
different impact in childhood and in late adulthood depending on the constructs.  
 
Table 43. Age differences: mean scores by age group and task (z-scores). 
 10 yo 11 yo 12 yo Young  Young-old Old-old 
Working Memory -2.35 -1.34 -1.39 .006 -1.14 -1.25 
Inhibition Restriction  -.38 -.26 -.44 -.01 -.10 .07 
Inhibition Deletion 













  Intrusion 1.15 1.02 .93 -.005 1.03 .97 
Processing Speed 7.12 5.99 5.41 -.001 6.81 6.46 
Reading Comprehension -1.82 -.71 -.02 .01 (A)159 / .04 (B) -.69 -1.65 
 
 
                                                 
159 Young A = (A); Young B = (B) 
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Figure 68. Age differences across lifespan: standardized units for all the constructs, relative to young adults. 





V.2. AGE TENDENCIES 
In the previous section age trends were described, and the results showed clear age differences for all 
constructs except for inhibition. In order to assess the curvilinear relations between age and these 
constructs, multiple regression analyses were conducted. As non-linear age relations across the 
lifespan were expected, age, the quadratic and cubic functions of age were entered as predictors, and 
each of the measures assessing the above mentioned constructs as the dependent variables.  
To minimize multicollinearity, linear age (or the difference between the year of composition and year 
of birth) was first placed in mean-deviation form (by subtracting mean age of the total sample), and 
then squared, cubed to generate the quadratic, cubic age functions. The age function was thus 
centered160 on the average age (Cohen & Cohen, 1983).  
For reading comprehension, age tendencies were evaluated separately: from childhood to adulthood, 
and from adulthood to late adulthood. Contrary to the trend of the other measures, the relationship 
between age and reading comprehension was, thus, not analyzed across the “entire” lifespan, from 
childhood to late adulthood. As described in the material section, only two texts by text presentation 
condition were common to children and adults, to control for ceiling (in adults), and floor (in children) 
effects in the reading comprehension performance. Thus, if the age tendencies analyses would have 
been conducted only on the two common texts (by text presentation condition) the developmental 
curve of reading comprehension, abilities would have been probably distorted in particular when late 
adulthood is concerned. Thus, to better evaluate the effect of age on reading comprehension we 
preferred to conduct distinct analyses for children-young, and young-older adults. In this case, 
contrary to what has been stated for the other measures considered, we should observe a linear relation 
with age and reading comprehension performance161.  
Results are graphically displayed in Tables 70. In Table 44 and 45 the results of regression analyses 
are presented; only the R2 associated with the most significant predictor and to the overall model 
(combining the predictors) are reported (details of the regression analyses are presented in Appendix 
A.8). For some variables the two R2 reported do not correspond: this means that the others tendencies 
made a significant additional, but lower, contribution to the explained variance. In some cases two 
tendencies have been reported when they both contributed similarly to the explained variance in the 
measures analyzed. 
As concerns reading comprehension, the linear function of age accounted for a significant part of the 
variance in the recall of details, and in the inference making abilities (inferential questions) in both text 
presentation conditions, and both for children and older adults. The proportion of variance explained 
by the linear function of age was clearly more important in childhood than in adulthood. From 
childhood to adulthood, there was a linear decrease in the comprehension failures (errors), thus the 
                                                 
160 Age was centered at 41.01 for the analyses on the whole sample. 
161 Age was centered at 16.26 year of age for children and adults and 56.79 year of age for adults. 





comprehension skills increased with age. It is interesting to note that the variance explained by age is 
more important for the inference in the comprehension condition and for both inferences and detail 
errors for the memory for text condition.  
The modest increase with aging in the number of errors confirmed our hypothesis. That is, aging is not 
associated with serious comprehension deficits as is often shown in the literature.  
The quadratic function of age accounted for a significant part of the variance in the following: working 
memory, processing speed. This means that the working memory capacity and the speed of processing 
improve in childhood, reach a peak in adulthood, and systematically decrease with aging. The decrease 
is more accentuated when individuals get older. It is noted that the explained variance by age was 
more important in processing speed measures than in others. This validates the important role of 
processing speed in contributing to the explained variance in cognitive performance in development 
(Kail & Salthouse, 1994). 
Age tendencies for inhibitory tasks were very low and with mixed tendencies for the indexes based on 
correct completions and on response times in the Hayling, and for intrusion errors in the Directed 
Forgetting and in the Reading Span test. As concerns the index of the Stroop negative priming and the 
mean benefit of the Directed Forgetting indexes the proportion of variance explained by age was non 
significant, that is to say nil. This could be due to low reliability values obtained for those measures, 
and to the use of relative differences that control for general slowing. Nevertheless, the very limited 
role of age on inhibition is consistent with other research that demonstrated that age effects in 
inhibition/interference are not so important than was generally considered (e.g. Verhaeghen & De 
Meersman, 1998a). The results are graphically displayed in Figure 70.  
 
Table 44. Regression Analyses and R2 associated with the main age tendencies (linear, 
quadratic or cubic) and overall R2. 
 
Reading Comprehension (Experimental Reading Comprehension task): TCdet: mean proportion of errors for detail questions in the 
comprehension for text condition; TCinf:  mean proportion of errors for inferential questions in the comprehension for text condition; MTdet: 
mean proportion of errors for detail questions in the memory for text condition; MTinf: mean proportion of errors for inferential questions in 
the memory for text condition; Rc: mean proportion of errors. 
                                                 
162 Experimental reading comprehension tasks: Proportion of Errors 
 
Main Tendency R2 
R2 All predictors R
2 
Main Tendency R2 
R2 
predictors R2 
All predictors R2 
Reading Comprehension162  Children –Young adults Young-older adults  
 TCdet 
 
Linear .09 .21 Linear .06 .10 
 TCinf Linear .25 .29 Linear .04 .04 
 MTdet Linear .23 .30 Linear .13 .13 
 MTinf Linear .21 .28 Linear .08 .08 
 Rc global Linear .48 .63 Linear .16 .16 





Table 45. Regression Analyses and R2 associated with the main age tendencies (linear, quadratic or 
















Working memory: Matrices: mean number of correct associations words/positions in the Double Verbal Matrices test; Rspan: mean number 
of correct words recalled in the Reading Span test. Inhibition_Interference/restriction: Stroop_int: index of negative priming in the Stroop 
Color task; Stroop_Np: index of negative priming in the Stroop Color task;  Hayling_corr: mean index on correct completion in the Hayling 
test; Hayling_Tr: index on response latencies in the Hayling test. Inhibition_Deletion: Df_ben: mean benefit index in the Directed Forgetting; 
Df_cost: mean cost index in the Directed Forgetting; Df_TBF-Fo: mean number of intrusion of TBF in the FO condition in the Directed 
Forgetting; Df_Tbr-F-Ro: mean number of intrusion of TBR in the RO condition in the Directed Forgetting; Rspan_int = proportion of 





                                                 
163 Indexes based on relative differences. 
 
Main Tendency R2 
R2 
All predictors R2 
Working Memory    
 Matrices Quadratic .20 .27 
 Rspan Quadratic .17 .17 
Restriction163    
Stroop_int Cubic .01 .01 
 Stroop_Np NS   
 Hayling_corr Cubic .10 .10 
 Hayling_Tr Linear / Cubic .11 .12 
Deletion    
 Df_ben NS   
 Df_Tbf-Fo Linear / Quadratic .07 .09 
 Df_Tbr-F-Ro Quadratic / Linear / Cubic .08 .08 
 Rspan_int Quadratic .08 .08 
Processing speed    
 Pattern  Quadratic .37 .58 
 Letter  Quadratic .42 .62 





































This section presents the results of the multivariate analyses conducted.  
The distinction between children and “young A” adults, on the one hand, and the “young B” and older 
adults, on the other hand, will be maintained as the design did not include continuous age groups. The 
sample including children and young adults (young A) will be referred to as the young sample. The 
one including young adults (young B) and older adults will be referred to as the adult sample. 
Only participants that had no missing values were included in the multivariate analyses. The young 
sample comprehended 97 participants (young adults and children)164, and the adult one 148 
participants (young and older adults)165. It is indeed essential, both for correlation, regression analyses 
and structural equations models, that the sample remains strictly identical. 
Due to the reduction in sample size, descriptive statistics were computed to assess whether the means 
and standard deviations reported for the univariate and the multivariate samples differed (see Tables 
46, and 47).  
 
 
Table 46. Young sample: means and standard deviations for the measures of interests for 
the Univariate and Multivariate samples. 
  Children Young adults  
  Univariate Multivairate Univariate Multivairate 
    M SD M SD M SD M SD 
RC* TCdet .20 .18 .20 .18 .09 .12 .09 .13 
 TCinf .48 .25 .49 .26 .20 .16 .20 .16 
 MTdet .41 .23 .42 .24 .16 .18 .16 .19 
 MTinf .50 .25 .49 .26 .20 .22 .21 .22 
WM Matrices 1.82 .54 1.78 .54 2.57 .48 2.56 .50 
 Rspan 2.55 .40 2.54 .40 2.96 .40 2.95 .39 
Restriction Stroop_int .19 .12 .18 .11 .21 .12 .21 .12 
 Stroop_np .03 .09 .02 .08 .01 .06 .001 .06 
 Hayling_corr .11 .11 .11 .11 .12 .10 .12 .10 
 Hayling_Tr -.64 .38 -.64 .38 -1.12 .53 -1.12 .54 
Deletion  Df_ben .36 .80 .36 .80 .29 .56 .29 .57 
 Df_Tbf-Fo .34 .53 .35 .55 .09 .28 .07 .27 
 Df_Tbr-F-Ro .48 .60 .50 .62 .07 .14 .07 .15 
 Rspan_int .06 .05 .06 .05 .04 .04 .04 .05 
PS  Pattern 121.67 27.76 121.30 28.13 46.49 11.69 45.58 9.80 
  Letter 154.37 41.18 154.13 41.00 54.44 17.25 53.00 12.53 
 
 
                                                 
164 Young sample size: children = 54 (average age = 11.05, SD = .85) ; young adults = 43 (average age = 22.48; SD = 3.08) 
165 Older sample size: young adults = 46 (average age = 23.69, SD = 3.82); young-old = 55 (average age = 66.16, SD = 2.97); old-old = 47 
(average age = 75.95, SD = 3.01) 





Table 47. Young sample: means and standard deviations for the measures of interests for the 
Univariate and Multivariate samples. 
  Young Young-old Old-old 
  Univariate Multivariate Univariate Multivariate Univariate Multivariate 
    M SD M SD M SD M SD M SD M SD 
RC* TCdet .07 .09 .07 .09 .09 .10 .08 .10 .14 .15 .13 .15 
 TCinf .21 .12 .20 .12 .24 .14 .23 .14 .29 .16 .28 .16 
 MTdet .12 .11 .12 .11 .11 .21 .21 .13 .31 .21 .31 .22 
 MTinf .25 .11 .25 .15 .15 .35 .36 .18 .44 .22 .44 .22 
WM Matrices 2.50 .57 2.50 .57 2.10 .45 2.05 .38 1.93 .49 1.93 .46 
 Rspan 2.99 .32 2.98 .33 2.65 .48 2.63 .49 2.48 .46 2.48 .46 
Restriction Stroop_int .20 .12 .20 .12 .20 .10 .20 .10 .24 .12 .24 .12 
 Stroop_np .04 .07 .04 .07 .03 .06 .03 .06 .00 .07 .01 .07 
 Hayling_corr .11 .11 .11 .11 .19 .14 .19 .14 .20 .17 .19 .13 
 Hayling_Tr -1.12 .58 -1.12 .58 -.96 .38 -.97 .39 -.98 .44 -.99 .44 
Deletion  Df_ben .25 .45 .24 .45 .45 .99 .47 1.02 .37 .79 .38 .77 
 Tbf-Fo .10 .27 .10 .27 .45 .54 .46 .56 .29 .47 .30 .49 
 Tbr-F-Ro .15 .29 .15 .30 .38 .61 .41 .63 .30 .42 .28 .43 
 Rspan_int .04 .04 .04 .04 .07 .07 .07 .07 .09 .08 .07 .07 
PS  Pattern 45.18 12.66 44.25 11.06 127.76 44.41 123.73 38.60 129.35 39.69 128.65 38.07 
  Letter 55.77 2.87 55.22 2.76 149.73 44.83 148.01 44.10 156.68 38.40 155.10 38.51 
*RC, Experimental Reading Comprehension (Experimental Reading Comprehension task): TCdet: mean number of errors for detail questions in 
the comprehension for text condition; TCinf:  mean number of errors for inferential questions in the comprehension for text condition; MTdet: 
mean number of errors for detail questions in the memory for text condition; MTinf: mean number of errors for inferential questions in the 
memory for text condition. 
WM, Working memory: Matrices: mean number of correct associations words/positions in the Double Verbal Matrices test; Rspan: mean number 
of correct words recalled in the Reading Span test. 
Inhibition_Restriction: Stroop_int: mean index of interference in the Stroop Color task; Stroop_Np: mean index of negative priming in the Stroop 
Color task; Hayling_corr: mean index on correct completion in the Hayling test; Hayling_Tr: mean index on response latencies in the Hayling 
test. 
Inhibition_Deletion: Df_ben: mean benefit index in the Directed Forgetting; Intrusions, Intrusion errors; Tbf-Fo: mean number of intrusion of 
TBF in the FO condition in the Directed Forgetting; Tbr-F-Ro: mean number of intrusion of TBR incorrect in the RO condition in the Directed 
Forgetting; Rspan_int = proportion of intrusion errors in the Reading span test; PS, Processing speed: Pattern = mean time in the pattern 
comparison: Letter = mean time in the letter comparison.  
 
 
Despite the reduction of the samples size, the means and standard deviations were quite similar. These 
descriptive statistics ensure the representativity of the multivariate analyses, even given a reduction in 
the samples size. 






Moreover univariate analyses for the sample of young and adults were computed (see, Tables 48, and 
49). These additional analyses were conducted in order to control for the presence, or absence, of 
different patterns of results compared to the ones obtained with the complete sample (see Univariate 
analysis section).  
Table 48. Univariate results for the young sample 
  df F p ηp2 
RC TCdet 1 13.80 .00 .13 
 TCinf 1 4.37 .00 .30 
 MTdet 1 33.43 .00 .26 
 MTinf 1 33.92 .00 .26 
Working memory Matrices 1 54.40 .00 .36 
 Rspan 1 25.36 .00 .21 
Restriction Stroop_int 1 1.87 .18 .02 
 Stroop_np 1 .65 .42 .01 
 Hayling_corr 1 .34 .56 .00 
 Hayling_Tr 1 26.43 .00 .22 
Deletion  Df_ben 1 .23 .63 .00 
 Df_Tbf-Fo 1 9.33 .00 .09 
 Df_Tbr-F-Ro 1 19.44 .00 .17 
 Rspan_int 1 6.74 .01 .07 
Processing speed  Pattern 1 283.60 .00 .75 
 Letter 1 243.09 .00 .72 
 
 


























     Note. Y = young adults; Yo = young-old; Oo = old-old 
 
Despite the reduction of the samples size, the pattern of results was similar to the one observed with 
the full sample.  
 
  df F p ηp2 Age Differences 
RC TCdet  2 3.36 .04 .04 Y*≠ Oo; 
 TCinf  2 3.90 .02 .05 Y≠ Oo; 
 MTdet  2 14.39 .00 .17 Y≠ Yo; Y≠ Oo; Yo≠ Oo 
 MTinf  2 11.14 .00 .13 Y≠ Yo; Y≠ Oo; 
Working memory Matrices  2 17.33 .00 .19 Y≠ Yo; Y≠ Oo; 
 Rspan  2 16.20 .00 .18 Y≠ Yo; Y≠ Oo; 
Restriction Stroop_int  2 1.59 .21 .02 --- 
 Stroop_np  2 2.61 .08 .04 Y≠ Oo 
 Hayling_corr  2 7.12 .00 .09 Y≠ Yo; Y≠ Oo; 
 Hayling_Tr  2 1.61 .20 .02 --- 
Deletion  Df_ben  2 1.08 .34 .01 --- 
 Df_Tbf-Fo  2 7.34 .00 .09 Y≠ Yo; 
 Df_Tbr-F-Ro  2 3.60 .03 .05 Y≠ Yo; 
 Rspan_int  2 4.51 .01 .06 Y≠ Yo; Y≠ Oo; 
Processing speed  Pattern  2 101.19 .00 .58 Y≠ Yo; Y≠ Oo; 
 Letter  2 111.73 .00 .61 Y≠ Yo; Y≠ Oo; 






7.I. INTERCORRELATIONS AMONG ALL OF THE MEASURES  
Tables 50 and 51 present inter-tasks correlations for adult and young, respectively. 
Because the central aim of the study was to examine the relations between reading comprehension on 
the one hand, and working memory and inhibition on the other, correlations within the reading 
comprehension measures of the experimental task and their relations with working memory, 
inhibition/interference and processing speed measures are presented first.  
 
I.1. YOUNG SAMPLE 
The four scores of the experimental reading comprehension task were significantly and negatively 
correlated with age. The proportion of errors in the two types of text presentation conditions and types 
of questions decreased with age, from childhood to adulthood. Contrary to the pattern of correlations 
that was observed in adults, the correlation between age, and the proportion of errors in the two 
memory conditions were equivalent.  
The effect size of correlations for the two texts presentation conditions variables, and type of questions 
range from small to medium166 without being statistically different167. Once controlled for age, all 
coefficients of correlations decreased without loosing their significance. The decrease was not 
statistically significant. This result can ensure that the measures used in this experimental reading 
comprehension task share, at least, a same underlying process. 
The reading comprehension measures correlated significantly and negatively with the two working 
memory scores. In the experimental reading comprehension task participants that had a lower working 
memory capacity (verbal or visuo-spatial) also committed more errors in answering to both types of 
questions in both text presentation conditions. Working memory measures correlated more highly with 
inferential questions than with detail questions, but correlations were not significantly different. Once 
controlled for age, the correlations decreased, but remained significant. Furthermore, the decrease of 
these correlations was not statistically different. These results could be interpreted as showing that 
working memory shares some common processes with reading comprehension.  
The four measures of reading comprehension were correlated with the index of inferences based on 
response times in the Hayling test. Thus, participants who presented a larger interference effect (longer 
response times in the suppression phase compared to the initiation one) in the Hayling test were also 
the ones who committed more errors in the reading comprehension task. Once controlled for age, these 
correlations remained significant, but were reduced. This reduction was not statistically significant, 
however, except for the one between the response time index in the Hayling test, and the proportion of 
detail errors in the memory condition that lost their significance. The negative priming index of the 
Stroop Color test correlated positively with the inference errors in the memory for text condition. 
                                                 
166 Computed with the MINSIZE software 
167 Fisher Z transformations were used to test the difference between two correlation coefficients 





Participants who presented larger negative priming effects reached an important proportion of error 
answering to inferential questions when the text was no longer available. The correlation also in this 
case once age was controlled decreased. This result is quite intriguing and in line with our hypotheses, 
as it suggests that efficient inhibitory processes are somehow involved in reading comprehension, 
especially in inference making ability.  
The deletion function of inhibition, measured by the mean benefit index in the Directed Forgetting 
task, did not correlate with any measure of the experimental reading comprehension task. However, 
intrusion errors in reading span test correlated significantly with the proportion of errors in inferential 
question in the comprehension condition and with errors in both types of questions in the memory 
condition. Participants who could not suppress no longer relevant information in the reading span test 
had a more important proportion of errors in the memory condition and committed more errors in 
answering inferential questions than in the comprehension one. Additionally, the intrusion errors in the 
Forget-Only condition of Directed Forgetting correlated with the proportion of errors in inference 
questions in the comprehension condition, but not in the memory one. Partial correlations, controlling 
for age, indicated that only the correlation between the errors in the inferential questions in both text 
presentation conditions, and the intrusion errors of the reading span test remained significant, though 
reduced. Moreover, the decrease of correlations was not significant in this case.  
Finally, processing speed measures correlated significantly with errors in both types of question and in 
both text presentation conditions. It is interesting to note that the correlations, like adults, were 
positive: participants with longer times in completing the processing speed tasks committed also more 
errors. A faster processing speed seems to be related with a better comprehension performance. Partial 
correlations controlling for age, annulled the correlation between processing speed variables and the 
proportion of detail errors, whereas the ones with inferential errors in both type of text presentation 
were still significant but lower. 
The correlations between the reading comprehension measures and the other constructs indicated that, 
overall, they were related, but that this relation was partly due to age. Furthermore, it has to be noted 
that working memory, deletion in particular intrusion errors, restriction functions of inhibition, and 
processing speed, seem to share a common process with inferential questions.  
Globally, the different tasks used to measure of constructs of interest correlated with each other, 
thereby sharing common processes (within each construct of interest). However, this was not the case 
for the measures used to index the restriction function of inhibition, except for two measures of the 
Hayling test (index on response time and correct completion), which were positively correlated. 
Furthermore, age correlated positively with the index on response times, but not with correct 
completion in the Hayling task. 
 
The reading span and matrices tests showed a significant correlation. This is to say that they called 
upon a same underlying process.  





The same pattern of results was obtained for the intrusion errors between the Reading span task and 
the Directed Forgetting task (Tbf-Fo; Tbr-F-Ro). The effect size for these correlations range from 
small to medium. Nonetheless, the Directed Forgetting index of benefit showed a significant 
correlation only with intrusion errors in the Remember-Only condition.  
Moreover, the two processing speed tasks were highly correlated.  
The partial correlation, controlling for age, conducted for each of the above-mentioned measures, 
indicated that correlations remained significant but reduced, as could be expected. The decrease in the 
correlation coefficients was not significant once controlled for age, in all the measures except for 
processing speed tasks (p < .001).  
Correlation coefficients between working memory measures, and the other constructs were significant. 
Participants with a larger working memory capacity showed shorter completion times in both 
processing speed tasks. In addition, a higher working memory capacity was related to more efficient 
inhibitory mechanisms as shown by a significant correlation between the index of Hayling test both 
for response times and correct answers. The index based on correct completions of the Hayling test 
correlated significantly with the Reading span test, but not with the Matrices. This result is probably 
due to the similar verbal abilities implied in the tasks. Furthermore, participants with a better working 
memory capacity also committed less intrusion errors. The correlations were more important between 
the working memory measured with the Reading Span and the intrusion errors in the Reading Span 
task than with the Matrices task (p < .01). Once controlled for age, the pattern of correlations between 
the reading span and the matrices, respectively, and the other measures globally decreased. Certain 
correlations became non significant.  
Thus, these patterns of correlations suggested that the relationship between these constructs was in 
part due to age.  
As concerns the correlations between the two functions of inhibition, only the index on response times 
in the Hayling task correlated significantly with the intrusion errors in the Reading Span test. 
Participants showing a more important effect of interference in the Hayling index based on response 
time committed more intrusion errors. Once controlled for age this correlation was reduced but still 
significant, therefore suggesting that the two measures share a common construct.  
Processing speed correlated with the deletion measures (intrusion errors) and with the Hayling test 
(index on response times). Faster participants better resisted to prepotent information, and to 
distracting information. Once controlled for age the correlations between the Hayling index on 
response times, and the intrusion errors of the Reading span test were no longer significant. By 
contrast, correlations between the two processing speed measures and the Stroop Interference index 
and the Negative Priming became significant once controlled for age. This correlation suggests a high 
variability due to age in the two measures.  
 





Altogether, inter-tasks correlation showed a relationship between reading comprehension variables, 
working memory, inhibition/interference and processing speed, that is more important in memory 
condition measures, especially for inference errors. Nonetheless, in reading comprehension activities 
the restriction and deletion function of inhibition seem to play a less defined role than working 
memory or processing speed, with the exception of the Hayling test and the intrusion errors in the 
Reading Span test. Furthermore, due to the decrease in the correlation coefficients, once controlled for 
age, the relation between reading comprehension and other cognitive constructs seem to be mediated 
by age. Another important point to be noted is that the correlations between and within the two 
inhibitory functions (restriction and deletion) studied are very weak or, even absent. In fact, the intra-
construct correlations are very modest for inhibition. Moreover, correlations showed that the two 
inhibitory functions indexed are independent. 
In addition, the reduction of correlation coefficients between working memory, restriction and deletion 
functions, and processing speed with age suggests that their relation is mediated by age-related 
changes.  
 
I.2. ADULT SAMPLE 
The four scores of the experimental reading comprehension task were significantly correlated with 
age. The correlations with age had a medium effect size for the memory for text measures and a small 
one for the comprehension ones. The correlation between age and the proportion of errors in the detail 
questions was significantly different between the two text presentation conditions (p < .05). Age was 
more strongly related with the proportion of errors in the memory condition than in the comprehension 
one. This result supports our hypothesis concerning the different development of comprehension skills 
with age depending on the memory load involved in the text comprehension, and the importance of 
dissociating the comprehension per se from the memory for text. 
The effect size168 of correlations was more important (large) for the memory for text variables than for 
the comprehension for text ones (small). Indeed, the two correlation coefficients were significantly 
different (p < .001169). Nonetheless, correlations were equivalent (effect size small) between the errors 
for detail questions in the two text presentation conditions, as well as between inference errors in the 
two text conditions (effect size small). Once controlled for age, the coefficients of correlation 
decreased, but they were still significant. It is important to note that this decrease was not statistically 
significant. Hence, the four measures appear to share some common components.  
The reading comprehension measures correlated significantly and negatively with the two working 
memory scores Participants that had a lower working memory capacity (verbal or visuo-spatial) 
committed also more errors in answering questions in the experimental reading comprehension task. 
Contrary to what we expected, working memory did not correlate with inference errors than with 
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169 Fisher Z transformations were used to test the difference between two correlation coefficients  





detail ones, or with the memory condition respect to the comprehension one. Once controlled for age, 
correlations between the two working memory measures, and errors in recall of detail in 
comprehension condition decreased. The correlation between the reading span test and the inference 
errors was no longer significant. The correlation, however, between the reading span and the 
proportion of errors for detail in the memory condition was still significant, as was the one between 
the matrices and the inference errors in the memory condition. These results could be interpreted as 
showing that working memory shares processes both with the recall of detail and inference making in 
both text presentation conditions, but they depend, in part, on age.  
The correlations between the measures indexing the restriction function of inhibition and the reading 
comprehension measures were non significant, except for the ones between the index based on correct 
completions of the Haying test, and the errors in the memory for text condition answering detail 
questions. Thus, participants who completed less correct sentences in the suppression phase of the 
Hayling test were also the ones who committed more detail errors in the memory for text condition. 
Also, once controlled for age, this correlation remained significant but was reduced (though this 
reduction was not statistically significant).  
The mean benefit index in the Directed Forgetting task correlated with the reading comprehension 
measures in the memory condition but not in the comprehension one. These correlations could indicate 
that all those participants who were able to suppress information no longer relevant made a lower 
proportion of errors under memory constraints. Nevertheless, once controlled for age, only the 
correlation between this index and the proportion of errors in the memory condition for the detail 
questions remained significant. The relationship between the reading comprehension measures and the 
deletion function of inhibition appeared, therefore, to be mediated by age. 
Intrusion errors in the Reading Span test correlated significantly with the proportion of errors in the 
detail question of the comprehension condition: participants, who had the higher proportion of errors, 
were also those who recalled a higher number of erroneous words in the Reading Span test. 
Furthermore, the intrusions in the Forget-Only condition (Df_Tbf_Fo) correlated significantly with the 
errors in the detail questions in the memory for text condition and the inference questions in the 
comprehension condition, but not the ones of the Remember Only condition (Df_Tbr-F-Fo). Partial 
correlation, controlling for age, indicated that only the correlation between detail errors in the 
comprehension condition, and the intrusion errors in the reading span test remained significant but 
were reduced. The correlations between intrusion errors in the Directed Forgetting task and the 
reading comprehension measures became non significant. 
Finally, the processing speed measures correlated significantly with errors in both types of question 
only in the memory condition. It is interesting to note that the correlations were positive: participants 
with longer times in completing the processing speed tasks also committed more errors in the memory 
condition. Partial correlations controlling for age, annulled all the significant correlations between 





processing speed variables and the two reading comprehension measures, indicating that this relation 
is mediated by age.  
The correlations between the reading comprehension measures and the other constructs depended on 
age (aging), in particular the errors committed in answering inferential question, as indicated by partial 
correlations. Nevertheless, both the ability to maintain and process information simultaneously and the 
efficacy in suppressing information that was no longer relevant seem to share some processes with the 
recall of detail in the memory for text condition. 
The Reading Span test and the Matrices were significantly correlated, meaning that they called upon a 
same underlying process. The same pattern of results was obtained for the directed forgetting benefit 
index and the intrusion errors, especially intrusion errors committed in the Forget-Only and 
Remember-Only. Overall, correlations were significant and positive between the intrusion errors and 
negative between the intrusion errors and the benefit index. Moreover, the two processing speed tasks 
were very highly correlated. Furthermore, correlations remained significant once controlled for age, 
and the decrease in the correlation coefficients was not significant for all the measures, except for the 
processing speed tasks (p < .001).  
By contrast, the tasks measuring the restriction function of inhibition presented no correlation with 
each other, except for a negative correlation between the index, based on response times, of negative 
priming and the Hayling index. This correlation indicated that the participants who had the more 
important difference between the initiation and suppression phase in the Hayling were also the ones 
who had a reduced negative priming effect in the Stroop task. Partial correlation, controlled for age, 
annulled the significant correlation between the Hayling RT and the Stroop negative priming. 
Furthermore, age correlated positively only with the index of correct completion in the Hayling task: 
interference effect was more important for older participants than for younger ones. Hence, the 
correlations between the tasks indexing the restriction function of inhibition probably measured 
different processes, even though these tasks seem to be theoretically related. On the contrary, 
concerning the measures supposed to index the deletion function of inhibition, intrusion errors in the 
Directed Forgetting correlated with the Directed Forgetting index of benefit: thus, participants who 
were better able to suppress no longer relevant information in the Directed Forgetting produced a 
lower number of intrusions.  
Significant correlations were observed between working memory measures and the other constructs. 
Participants with a larger working memory capacity were the ones with the shorter completion times 
in both processing speed tasks (medium effect size). In addition, a higher working memory capacity 
was related with the index (correct completion) of the Hayling test. Interestingly, the index based on 
response times of the Hayling test correlated significantly with the reading span test but not with the 
matrices. The correlations between the two indexes of the Hayling and the Reading Span test are 
probably due to the similar verbal abilities implied in the tasks (the verbal component). Furthermore, 
participants with a better working memory capacity committed less intrusion errors. In this case, the 





Reading Span test correlated with all type of intrusion errors, whereas the matrices correlated only 
with the intrusion errors of the reading span test. Once controlled for age, the pattern of correlations 
between the Reading Span and the Matrices, respectively, and the other measures were very different. 
All correlations between the Matrices and the other constructs were non significant, except the ones 
with the intrusion errors in the Reading Span test that were reduced. In addition, the correlations 
between the three measures of intrusion errors and the Reading Span test remained significant, but 
reduced. Thus, the correlational patterns suggested that these constructs share a common underlying 
process, yet specific processes are à l’oeuvre depending on age.  
 
As concerns inhibition, conceived as a unitary construct, no significant correlations were observed 
between restriction and deletion tasks. 
In contrast, processing speed correlated with: the negative priming, the index of correct responses in 
the Hayling task, and the intrusion errors. Participants that better resisted both prepotent and 
distracting information were the faster ones. Nonetheless, all other correlations with processing speed, 
once controlled for age, became non significant, with the exception of the Reading span test.  
 
As for the young sample, significant correlation between reading comprehension measures and 
constructs of interest were observed. It is interesting to note, on one hand, the stronger role of age in 
the memory condition measures compared to the comprehension ones, in particular for the detail 
questions. Moreover, concerning the type of question, correlation patterns indicated that, if the relation 
between inference errors and the constructs supposedly involved are mediated by age, then this is not 
the case for detail questions in the memory condition. Indeed, once controlled for age, the correlation 
between working memory, and inhibition were still significant. This result suggests that detail 
questions under a memory load share common processes with the primitive cognitive processes.  
Furthermore, as for the young sample, the correlations between the two functions of inhibition were 
very weak, thereby favoring a vision of a non-unitary construct of inhibition. In addition, within the 
restriction function the lack of correlation between the Stroop and the Hayling indexes can be 
interpreted as if the two tasks measure different processes. As the worst within construct correlations 
were the ones concerning relative difference indexes, correlation analyses were computed using 
simple differences170 (e.g., for the Stroop interference effect: incongruent condition – control 
condition). Nonetheless, the pattern of results did not change171.  
Finally, the correlation between the cognitive constructs studied seems to be mediated by age.  
 
 
                                                 
170 This was conducted because the reliability coefficients computed on the relative differences were not satisfactory, and because only the 
measures on response times did not correlate (Stroop interference, Stroop negative priming and Hayling index on response times.) 
171 This was also the case for the young sample  





Altogether, the pattern of correlation matrices between the two age samples seems to be similar as far 
as working memory, the two functions of inhibition and processing speed are concerned. That is to 
say, their relation appeared to be mediated by age. Moreover, for both age samples, the unitary 
dimension of a general mechanism of inhibition was not confirmed. Detail and inference question, as 
well as the text modality presentation seem to be differently related with each other as it was described 
in the young sample contrary to the older one. 
Thus, in order to evaluate whether the set of measures used showed the same pattern of results at 
different age periods (from childhood to adulthood, and from adulthood to aging), the correlation 
matrices between the young sample and the adults sample were compared using a multivariate test of 
equality: structural equation modeling. To test the similarity or not of the two correlation matrices the 
following fit indexes were jointly examined: the Chi square, GFI, the MC172.  
The fit indices, χ2 (240) = 1313.76, p < .001; GFI = .42; MC = .11; RMSEA = .23, suggested that the 
model of equal correlation matrices did not fit the data. Hence, the pattern of correlations between the 
cognitive abilities studied varies during development. 
 
                                                 
172 The GFI, that “measures the similarity of the input correlation matrices to the correlation matrix calculated under the model of equal 
correlations, and the MC, “ a measure of the discrepancy between the original correlations and those implied by the model, should be in the 
.90s for models that represent the data.  
 





Table 50. Intercorrelations for the young sample 
 
   RC WM Restriction Deletion PS 
 














_int Pattern Letter 
Rc TCdet (2) -.29*** - .41*** .16* .41* -.61*** -.23* -.23* .03 .10 .10 .26** -.04 .08 -.11 .11 .27** .14 
 
TCinf (3) -.49*** .48*** - .25* .32* -.61*** -.24* -.34** .13 .22 .22* 
.38**
* -.16 .17 -.11 
.36***
* .31** .24* 
 MTdet (4) -.49*** .28** .43*** - .48*** -.64*** -.19* -.19* .16 -.03 -.04 .06 -.07 -.13 -.01 .14 27** .16 
 MTinf (5)  -.45*** .48*** .47*** .60*** - -.70*** -.26* -.30* .21 .13 .14 .20* .05 .00 -.08 .24* .28** .21* 
 Rc (6) .21* -.63*** -.63*** -.66*** -.71*** - -.27** -.31** -.15 -.23* .24* -.31** .15 .03 -.24* .23* -.29** -.17 
WM Matrices (7) .57*** -.35*** -.45*** -.42*** -.45*** .34*** - .38*** -.16 .14* -.24** -.22* -.11 -.09 -.15 -.22* -.37*** -.20* 
 
Rspan (8) .40*** -.33*** -.47*** -.35*** -.43*** .37*** .52*** - -.20* -.04 -.24* 
-
.47**
* .04 -21* -.22* 
-
.57*** -.29** -.17 
 Restriction Stroop_int (9) .20 -.02 .02 .05 .08 -.07 -.02 -.10 - .00 .00 -.02 -.08 -.00 -.04 .20* .21* .27** 
 Stroop_np (10) -.07 .12 .11 .18 .22* -.15 .08 -.02 -.10 - -.18* .04 -.10 -.12 -.19 .09 .22* .18* 
 Hayling_corr (11) .05 .09 .17 -.06 .10 .21* -.17 -.20* .00 -.19* - .30** -.05 .10 -.09 .07 -.07 -.08 
 Hayling_Tr (12) -.46*** .36*** .52*** .27** .37*** -.37*** -.42*** -.57*** -.11 .07 .25** - -.11 .03 -.02 .35** .21 .12 
 Deletion (Df) Df_ben (13) -.04 -.03 -.11 -.05 .07 .14 -.12 .02 .08 -.10 -.06 -.10 - .06 .24* -.00 -.02 -.04 
 Intrusions Df_Tbf-Fo (14) -.28*** .16 .28** .02 .13 -.03 -.24* -.30*** -.06 -.10 .08 .16 .07 - .22* .26* -.05 -.03 
 Df_Tbr-F-Ro (15) -.39*** .01 .10 .18 .08 .11 .14 -.34*** -.35*** -.11 -.15 -.11 .16 .24* .30*** - .16 .01 -.11 
 
Rspan_int (16) -.18* .16 .39*** .21* .30*** -.25*** -.28** -.59*** .16 .10 .06 
.39**
* .00 .30*** .22* - .20* .08 
P Speed (PS) 








Letter (18) -.88*** .32*** .52*** .48*** .47*** .27*** -.56*** -.42*** .00 .16 -.09 
.43**
* .01 .25* .25** .19* .89*** _- 
Raw correlations (listiwise method, N = 97) are presented below the diagonal; correlations above the diagonal are controlled for Age.  
*** p < .001, ** p < .01, p < .05 
 
RC, Experimental Reading Comprehension (Experimental Reading Comprehension task): TCdet: mean number of errors for detail questions in the comprehension for text condition; TCinf:  mean number of errors for 
inferential questions in the comprehension for text condition; MTdet: mean number of errors for detail questions in the memory for text condition; MTinf: mean number of errors for inferential questions in the memory 
for text condition; Rc: mean number of correct answers. 
Working memory (WM): Matrices: mean number of correct associations words/positions in the Double Verbal Matrices test; Rspan: mean number of correct words recalled in the Reading Span test. 
Inhibition_Restriction: Stroop_int: mean index of negative priming in the Stroop Color task; Stroop_Np: mean index of negative priming in the Stroop Color task; Hayling_corr: mean index on correct completion in the 
Hayling test; Hayling_Tr: mean index on response latencies in the Hayling test. 
Inhibition_Deletion: Df_ben: mean benefit index in the Directed Forgetting; 
Intrusions, Intrusion errors; Df_TBF-Fo: mean number of intrusion of TBF in the FO condition in the Directed Forgetting; Df_Tbr-F-Ro: mean number of intrusion of TBR incorrect in the RO condition in the Directed 
Forgetting; Rspan_int = proportion of intrusion errors in the Reading span test 
P Speed, Processing speed: Pattern = mean time in the pattern comparison: Letter = mean time in the letter comparison  
 





Table 51. Intercorrelations for the adult sample 
   RC WM Restriction Deletion PS 
 














_int Pattern Letter 
Rc TCdet (2) .17* - .21* .11* .18* .49*** -.17* -.28*** -.01 .11 .08 .00 .03 -.07 .06 .21* .01 .00 
 TCinf (3) .18* .23* - .26** .16* -.61 *** -.12 -.14 -.01 .02 .08 -.00 .05 -.14 .11 .08 -.09 -.07 
 MTdet (4) .38*** .17* .31*** - .45*** -.72*** -.14*  .18* .05 .10 .10 -.00 .23** .11 .04 .00 -.08 -.12 
 MTinf (5)  .35*** .23* .22* .53*** - -.71*** -.18* -.07 .01 .01 .03 -.00 .18* .06 -.07 .05 -.07 .03 
 Rc (6) .39*** -.51*** -.63*** -.78*** -.75*** - .25** -.24** -.00 -.10 -.12 -.00 -.20 -.10 -.04 -.11 .11 -.06 
WM Matrices (7) -.43*** -.22* -.20* -.29*** -.31*** .38*** - .37*** -.02 .09 -.06 -.03 -.12 -.01 .03 -.24** -.08 -.13 
 
Rspan (8) -.42*** -.32*** -.21** -.31*** -.22** .37*** .49*** - .05 .03 -.15 -.15 -.04 -.15  -.10 
-
.58*** -.14 -.03 
 Restriction Stroop_int (9) .08 .00 .00 .08 .04 -.04 -.06 .01 - .03 -.06 -.05 -.01 -.06 -.02 -.05 .04 .01 
 Stroop_np (10) -.14 .09 -.01 .04 -.04 -.04 .15* .09 .01 - -.04 -.15* .16* .10 .08 -.03 -.14 .03 
 Hayling_corr (11) .29*** .13 .13 .21** .13 -.21** -.18* -.25*** -.03 -.01 - .04 -.06 -.03 .07 .03 .08 .00 
 Hayling_Tr (12) .15 .03 .03 .05 .05 -.06 -.10 -.20 -.05 -.18* .08 - -.04 .10 .05 .05 -.04 .00 
 Deletion (Df) Df_ben (13) .10 .05 .08 .25*** .21*** -.23** -.15* .08 .00 .15 -.03 -.03 - .17* .41*** .08 -.00 -.00 
 Intrusions Df_Tbf-Fo (14) .23** -.03 .18* .20* .14 -.18* -.12 -.23** -.14* .06 .04 .13 .20** - .27** .19* .05 .04 
 Df_Tbr-F-Ro (15) .16* .09 .15 .10 -.01 .11 -.04 -.16* -.01 .06 .12 .08 .42*** .30*** - .12 .12 .00 
 Rspan_int (16) .24*** .24*** .13 .10 .13 -.20** -.32*** -.62*** -.03 -.07 .11 .08 .10 .24*** .16* - .22* .10 
P Speed (PS) Pattern (17) .76*** .14 .09 .24*** .23** -.23*** -.38*** -.41*** .10 -.20** .28*** .09 .07 .21** .20** .33*** - .71 
 Letter (18) .78*** .14 .11 .23** .29*** -.27*** -.41*** -.35*** .07 -.10 .24*** .11 .07 .20** .13 .25*** .88*** - 
Raw correlations (listiwise method, N = 148) are presented below the diagonal; correlations above the diagonal are controlled for Age and Age2.  
*** p < .001, ** p < .01, p < .05 
 
RC, Experimental Reading Comprehension (Experimental Reading Comprehension task): TCdet: mean number of errors for detail questions in the comprehension for text condition; TCinf:  mean number of errors for 
inferential questions in the comprehension for text condition; MTdet: mean number of errors for detail questions in the memory for text condition; MTinf: mean number of errors for inferential questions in the memory 
for text condition; Rc: mean number of correct answers. 
Working memory (WM): Matrices: mean number of correct associations words/positions in the Double Verbal Matrices test; Rspan: mean number of correct words recalled in the Reading Span test. 
Inhibition_Restriction: Stroop_int: mean index of negative priming in the Stroop Color task; Stroop_Np: mean index of negative priming in the Stroop Color task; Hayling_corr: mean index on correct completion in the 
Hayling test; Hayling_Tr: mean index on response latencies in the Hayling test. 
Inhibition_Deletion: Df_ben: mean benefit index in the Directed Forgetting; 
Intrusions, Intrusion errors; Df_TBF-Fo: mean number of intrusion of TBF in the FO condition in the Directed Forgetting; Df_Tbr-F-Ro: mean number of intrusion of TBR incorrect in the RO condition in the Directed 
Forgetting; Rspan_int = proportion of intrusion errors in the Reading span test 
P Speed, Processing speed: Pattern = mean time in the pattern comparison: Letter = mean time in the letter comparison  
 
 






7.II. HIERARCHICAL REGRESSION ANALYSES 
Regression analyses were conducted to assess the independent and direct contribution of each variable 
in the four reading comprehension measures.  
Sequential hierarchical regression analyses were used to provide an estimate of the percentage of 
variance in the proportion of detail and inference errors in both types of text comprehension condition 
accounted for by five blocks of predictor variables: age; working memory173 (composite score); the 
restriction function of inhibition174 (Stroop interference and negative priming indexes; Hayling 
indexes); the deletion function of inhibition175 (Directed Forgetting benefit and intrusions errors –in 
the Directed Forgetting and in the Reading Span test); and processing speed (composite score). The 
proportion of errors in the detail questions and inferential ones in the comprehension for text condition 
and memory for text one was the criterion variables. Two different orders of entry variables were 
defined. In a first series of regression analyses, in Step 1, working memory (composite score) was 
entered. The variables indexing the restriction function of inhibition were entered in Step 2. In Step 3, 
the tasks indexing the deletion function of inhibition were entered, followed by the processing speed 
(composite score) in Step 4, and age in Step 5.  
We also used a different entry order of the blocks of predictors: age was entered in Step 1, followed by 
working memory (Step 2), the restriction measures (Step 3), the deletion variables (Step 4), and 
processing speed. The entry order of predictors on blocks was strategic and addressed two main 
objectives. The resource measures (working memory, the two functions of inhibition and processing 
speed) were regressed before and after age. This entry order of variable allowed us to determine 
whether the cognitive measures would still significantly predict reading comprehension when age 
differences (due to development or aging) were entered into the equation first. Furthermore, working 
memory was always entered before the inhibition/interference and, the latter before processing speed, 
because of their theoretical importance in reading comprehension abilities as suggested by the 
literature, and in conformity with our hypotheses.  
To detect outliers on the criterion and predictor variables, Cook’s Distance was computed. No outlier 
cases (Cook’s Distance >1) were found. Moreover, variance inflation factor values and tolerance 




                                                 
173 The mean number of words correctly recalled in the Reading span test and the mean number of correct associations words/position in the 
Matrices Double Verbal task were used to compute a composite score of working memory. The mean completion times for the two 
processing speed tasks were used to calculate a composite score of processing speed. For the others variables it was preferred to keep them as 
separate predictors and enter them by block. 
The composite score was computed standardizing the raw measure using the mean and standard deviation of the total population. The two 
standardized score were then averaged for each individual. 
174 A composite score was not computed because the lack of /weak correlations.  
175 A composite score was not computed because the lack of /weak correlations. 





II.1. YOUNG SAMPLE 
Detailed results from the hierarchical stepwise regression analyses are shown in Table 52.  
The working memory score accounted for a significant part of the variance (R2= .12, p < .001) in the 
proportion for detail errors in the comprehension condition. The other predictors, once controlled for 
working memory, did not contribute significantly to any additional variance. 
For the proportion of inference errors, working memory explained a significant part of the variance in 
inference question (20%). Furthermore, an additional part of the variance for inference errors was 
explained by the following measures: restriction (15%), and processing speed (3%). The contribution 
of the deletion function was marginally significant (6%, p = .07). 
In the memory condition, for the detail errors working memory accounted for a significant part of the 
variance (18%). When processing speed was entered, it led to a significant increase in the proportion 
of the variance explained for detail errors (7%).  
Finally, as concerns inference errors, working memory accounted for 25%, and the restriction function 
of inhibition, as well as processing speed contributed to a significant additional increase in the 
explained variance (10%, and 3% respectively). 
It should be noted that age did not make a significant additional contribution to the variance in any of 
the reading comprehension measures, once the other predictors entered. Moreover, as expected, 
different construct predictors contributed to the explained variance in detail and inference errors in 
both text presentation conditions. Working memory played a crucial role in predicting reading 
comprehension performance in all types of text presentation condition and questions. Once controlled 
for working memory, the ability to suppress both prepotent information (restriction function of 
inhibition), and no longer relevant ones (deletion function of inhibition) were important predictors 
contributing to explained variance in the proportion of errors, especially for the inferential questions in 
both text presentation conditions. It is interesting to note that the restriction function of inhibition had 
a non-negligible contribution in predicting inference errors. Furthermore, processing speed contributed 
to explaining the variance of both types of errors (detail and inference questions) in the memory 
condition. Nonetheless, the increase in the explained variance by the other predictors was quite 
limited, especially for the deletion function of inhibition, and for processing speed. 
 
The same hierarchical regression analyses were conducted with a different order of predictor variables: 
indeed, age was entered in Step 1. The order of the other predictor variables did not change (Step 2: 
working memory…; Step 5: processing speed). This procedure made it possible to determine if 
working memory captures a significant part of age-related variance. Results from the sequential 
hierarchical regression are shown in Table 52.  
 





Concerning the comprehension condition, the proportion of detail errors was significantly predicted by 
age (9%). In addition, working memory accounted for a significant increase in the variance (5%) in 
detail errors.  
In the comprehension condition, concerning the proportion of inference errors, age accounted for the 
24% of the variance. Working memory made a significant contribution to the prediction of inference 
errors (10%), as well as the restriction function and deletion of inhibition (11% and 6%, respectively).  
In the memory condition, age, and working memory accounted for a significant part of variance for 
detail errors. Indeed, in the comprehension condition, age explained 9% of variance and working 
memory made a significant contribution (5%). In the memory condition, 24% of variance was 
explained by age, and working memory also predicted 3%. As concerns inference errors, a significant 
additional contribution in the explained variance was attributed to working memory (4%, in the 
comprehension condition, and 6% in the memory condition), and the restriction function of inhibition 
(11%, in the comprehension condition, and 9% in the memory condition), even though the largest part 
of the variance was accounted for by age (24%, in the comprehension condition, and 20% in the 
memory condition), In the comprehension condition the deletion function of inhibition contributed to 
an additional 6% in explaining the variance of inference errors.  
 
With age entered first, furthermore, the picture clearly changed (see Table 52). Consequently, 
age became a significant predictor for all reading comprehension measures. Indeed, age 
accounted for the largest of the variance compared with the others predictors. Once controlled 
for age, working memory was, in most cases, the only significant predictor that contributed, 
though minimally, to the explained variance in the reading comprehension measures. Both the 
inhibitory functions, by contrast, contributed to the same extent as working memory in 
predicting inference errors. Nevertheless, this result suggests that the previous associations 
observed between the reading comprehension measures and the cognitive primitive constructs 
















II.2. ADULT SAMPLE 
Results for stepwise hierarchical regression are shown in Table 53.  
In the comprehension condition, working memory accounted for a significant part of the variance in 
the proportion of errors in detail questions (R2= .10, p < .001), and in inference questions (R2= .06, p < 
.01). The other predictor variables did not make a significant additional contribution to variance in 
both types of errors.  
In the memory condition, working memory explained a significant part of the variance in the errors of 
detail (12%) and inference (9%). Moreover, the deletion function of inhibition, as well as age, 
contributed significantly the explained variance (respectively: 7% and 4%, for the detail, and 6% and 
3% for inference) for both types of questions.  
 
These results support the idea that different processes are implied in reading comprehension activities 
depending on the text presentation modality. Though working memory played a crucial role in 
predicting detail and inference errors in the comprehension condition, the role of age emerged in the 
memory condition, especially for the questions of inference. In addition, in the errors committed in 
answering detail and inference questions, the deletion function of inhibition was also implied. 
Altogether predictors, nevertheless, accounted for a modest part of the variance on reading 
comprehension measures, especially in the comprehension condition (see Table 53). 
 
As for the young sample, the order of variables entry in the regression analyses was changed. Age was 
entered in the first block, followed by working memory, restriction and deletion measures, and 
processing speed.  
Once age was entered in Step 1, the pattern of results did not drastically change (see Table 52), except 
for the memory condition. Indeed if, in the comprehension condition, the proportion of variance 
explained by age and working memory was similar (detail errors, age: 3%; working memory: 9%; and, 
inference errors, age: 3%; inference 3%), then the role of age was more important in the memory 
condition for both types of questions. Contrary to the previous order of entry of variables, presenting 
text under a memory constraint, age accounted for the largest part of the variance in detail (14%) and 
inference errors (12%), with respect to the minimal additional contribution of working memory (3%, 
and 2% respectively). Furthermore, deletion measures made a significant additional contribution to the 
variance for detail errors (5%), and marginally for inference errors (5%, p = .06). 
 
This pattern of results seems to confirm our hypothesis concerning the maintenance of reading 
comprehension abilities with aging when a more naturalistic reading comprehension situation is 
presented. Indeed, the proportion of variance explained by age in both detail and inference was more 
important in the memory for text condition, than in the comprehension for text. Contrary to our 
hypotheses, as already highlighted with correlation analyses, however, predictors did not predict a 





more important proportion of variance in inference making than in the recall of detail. In addition, the 
role of inhibition in reading comprehension and, more precisely, the deletion function resulted in 
memory condition only. In view of the results obtained, working memory was shown to be, as in most 
cases, a crucial predictor of the reading comprehension abilities studied. The result also attenuated the 
variance that would, otherwise, be attributed to age.  
 
Altogether, hierarchical regression analyses indicated that the cognitive primitives mechanisms 
mediate age variance in detail recall and inference making in both text presentation modalities.  
 
 





Table 52. Hierarchical regression analyses for the young sample (on the left side age was entered in Step 5; and on the 
right side age was entered in the Step 1). 
 R2 ΔR2 ΔF p   R2 ΔR2 ΔF p 
Comprehension for text: detail  Comprehension for text: detail 
Working Memory (WM) .12 .12 12.88 .00  Age .09 .09 8.89 .00 
WM, Restriction .19 .07 1.95 .11  Age, WM .13 .05 5.10 .02 
WM, Restriction, Deletion .21 .02 .65 .62  Age, WM, Restriction .19 .05 1.61 .17 
WM, Restriction, Deletion, Processing speed  .22 .01 1.12 .29  Age, WM, Restriction, Deletion .21 .03 .65 .62 
WM, Restriction, Deletion, Processing speed, Age .22 .00 .16 .69  Age, WM, Restriction, Deletion, Processing Speed  .22 .00 1.02 .32 
Comprehension for text: inference  Comprehension for text: inference 
WM .20 .20 24.29 .00  Age .24 .24 29.79 .00 
WM, Restriction .35 .15 5.26 .00  Age, WM .28 .04 5.70 .01 
WM, Restriction, Deletion .35 .06 2.24 .07  Age, WM, Restriction .39 .11 4.24 .00 
WM, Restriction, Deletion, Processing speed  .47 .06 10.42 .00  Age, WM, Restriction, Deletion .46 .06 2.49 .05 
WM, Restriction, Deletion, Processing speed, Age .48 .00 .32 .57  Age, WM, Restriction, Deletion, Processing Speed  .48 .02 3.13 .07 
Memory for text: detail   Memory for text: detail 
WM .18 .18 20.62 .00  Age .24 .24 29.52 .00 
WM, Restriction .25 .07 2.05 .09  Age, WM .27 .03 3.91 .05 
WM, Restriction, Deletion .26 .01 8.82 .71  Age, WM, Restriction .31 .04 1.48 .50 
WM, Restriction, Deletion, Processing speed  .33 .07 8.82 .00  Age, WM, Restriction, Deletion .34 .03 .83 .50 
WM, Restriction, Deletion, Processing speed, Age .35 .01 1.85 .17  Age, WM, Restriction, Deletion, Processing Speed  .35 .00 1.19 .28 
Memory for text: inference  Memory for text: inference  
WM .20 .20 23.84 .00  Age .20 .20 23.49 .00 
WM, Restriction .30 .10 3.38 .01  Age, WM .25 .06 6.95 .00 
WM, Restriction, Deletion .32 .01 .39 .81  Age, WM, Restriction .34 .09 3.05 .02 
WM, Restriction, Deletion, Processing speed  .37 .05 6.44 .01  Age, WM, Restriction, Deletion .36 .02 .65 .62 
WM, Restriction, Deletion, Processing speed, Age .37 .00 .89 .35  Age, WM, Restriction, Deletion, Processing Speed  .37 .00 1.15 .28 
 
Table 53. Hierarchical regression analyses for the older sample (on the left side age was entered in Step 5; and on the right 
side age was entered in the Step 1). 
 R2 ΔR2 ΔF p   R2 ΔR2 ΔF p 
Comprehension for text: detail   Comprehension for text: detail 
Working Memory (WM) .10 .10 15.79 .00  Age .03 .03 4.46 .04 
WM, Restriction .12 .02 .77 .54  Age, WM .10 .09 10.99 .00 
WM, Restriction, Deletion .14 .03 1.05 .38  Age, WM, Restriction .12 .08 .78 .54 
WM, Restriction, Deletion, Processing speed  .14 .00 .01 .91  Age, WM, Restriction, Deletion .14 .03 1.10 .37 
WM, Restriction, Deletion, Processing speed, Age .15 .00 .47 .49  Age, WM, Restriction, Deletion, Processing Speed  .15 .00 .16 .69 
Comprehension for text: inference  Comprehension for text: inference 
WM .06 .06 8.78 .00  Age .03 .03 4.87 .03 
WM, Restriction .06 .00 .23 .92  Age, WM .06 .03 4.56 .03 
WM, Restriction, Deletion .09 .03 .96 .43  Age, WM, Restriction .07 .00 .18 .95 
WM, Restriction, Deletion, Processing speed  .09 .00 .33 .56  Age, WM, Restriction, Deletion .09 .02 .85 .49 
WM, Restriction, Deletion, Processing speed, Age .10 .01 1.35 .25  Age, WM, Restriction, Deletion, Processing Speed  .10 .01 1.52 .22 
Memory for text: detail  Memory for text: detail 
WM .12 .12 20.18 .00  Age .14 .14 24.46 .00 
WM, Restriction .15 .03 1.21 .31  Age, WM .18 .03 6.06 .01 
WM, Restriction, Deletion .22 .07 3.02 .02  Age, WM, Restriction .20 .02 .92 .45 
WM, Restriction, Deletion, Processing speed  .22 .00 .58 .44  Age, WM. Restriction, Deletion .25 .05 2.59 .03 
WM, Restriction, Deletion, Processing speed, Age .26 .04 8.43 .00  Age, WM, Restriction, Deletion, Processing Speed  .27 .01 2.30 .13 
Memory for text: inference  Memory for text: inference  
WM .09 .09 14.78 .00  Age .12 .12 19.96 .00 
WM, Restriction .10 .00 .19 .94  Age, WM .14 .02 3.88 .05 
WM, Restriction, Deletion .15 .06 2.39 .05  Age, WM, Restriction .14 .00 .06 .99 
WM. Restriction, Deletion, Processing speed  .17 .02 2.93 .10  Age, WM, Restriction, Deletion .20 .05 2.26 .06 
WM, Restriction, Deletion, Processing speed, Age .20 .03 4.21 .05  Age, WM, Restriction, Deletion, Processing Speed  .20 .00 .06 .80 
 






7.III. STRUCTURAL EQUATION MODELS 
“ Any model is an approximation to reality. A theory is 
an abstract set of ideas linking concepts. A model is a 
formal representation of a theory. The theory at best 
approximates reality, and the model from that theory 
cannot do better. Model building and modification is a 
process of successive approximation.“ (Jeffrey, 1983).  
 
The comparison of correlation matrices between the two age samples indicated a non-equality. The 
significant difference between correlation matrices could imply either a different factor model, or that 
the factors of interest have a different weight (role) across lifespan. Structural equation models were 
subsequently conducted in order to assess this question. The use of this technique was designed to 
investigate, in the sample of young and older adults, the contribution of age, working memory, 
inhibition, and processing speed on reading comprehension abilities. Thus, to examine the relationship 
between the above-mentioned cognitive abilities, models of relations among variables were specified 
and tested. The procedures used included the following steps. 
First, confirmatory factor analyses were conducted to verify the construct-generality issue. Hence, we 
tested whether the indicators could be operationalized to form conceptual latent construct (reading 
comprehension, working memory, inhibition/interference, and processing speed). At least two 
measures were used as indicators of each of the constructs. Once the possibility of forming a latent 
variable for each of the above constructs was verified, the exogenous age variable was included in the 
model to evaluate whether age had an effect on each of these latent variables. This procedure was 
adopted for each construct and for each age group (young and adult).  
As only two manifest variables were used to define processing speed and working memory 
constructs176 different models could not be contrasted; it was, however, essential to assess the fir og 
the model. Hence, the more important confirmatory analyses were the ones concerning the 
inhibition/interference construct, and the reading comprehension one. Indeed for the two latter 
constructs, competing models could be compared (see Figure 71). A general model for the 
inhibition/interference consisting of a single factor, and a model postulating two separated but 
correlated factors were tested, one representing the restriction function of inhibition and the other the 
deletion one. Furthermore, we tested if a single factor or two factors with a 1) comprehension for text 
factor, and 2) memory for text factor better represented the reading comprehension construct (see 
Figure 71).   
                                                 
176 As working memory and processing speed had only two indicators, it was necessary to constrain the factor loadings, for the Reading span 
test, and the Matrices Double verbal for working memory, and the Letter and Pattern Comparison, for processing speed, to be equal so that 
the model could be empirically identified (Bollen, 1989).  












In the Figure 71 circles represent the latent variable and rectangles the observed or manifest variables, 
from which the latent variable are derived.  
The data were analyzed using LISREL 8.53 (Joreskog & Sorbom, 1999). Several fit indices were 
reported to assess the fit of the models, as is typically recommended. Fit indices are briefly described 
below and reported in Table 54 (see also Table 55). 
The chi-square statistic assesses the extent to which the model fits the data. When the difference 
between the sample covariance matrix and the estimated population is small, chi-square will be non 
significant. Nevertheless, chi-square is very sensitive to sample size and may be significant because of 
trivial differences between the sample and estimated population. For this reason other fit indices, less 
sensitive to sample size, are reported to evaluate the goodness of fit of the model. Hence, the following 
fit indices were also used: GFI, CFI, NFI, and RMSEA. The GFI (goodness of fit index), the NFI 
(Normed Fit index), and the CFI (Comparative Fit Index) were used to judge the fit of a single model, 
its ability to account for the observed data. Values included between <.95 and 1.00> for the GFI and 
the NFI, and between <.97 and 1.00> for the CFI represent a good fit; whereas values included 
between <.90 and .95> for the two first indices and between <.95 and .97>, for the third one represent 
an acceptable fit. The root-mean- error square of approximation (RMSEA) measures the discrepancy of 
model fit with respect to the degrees of freedom and is less sensitive than chi-square to sample size. 
RMSEA values of less than .05 are considered to be an indication of excellent model fit, whereas 
values less than .08 reflect an acceptable model. The fit indices are explained in detail in most 
introductions to SEM (e.g., Bentler, 1990; McDonald & Ho, 2002).  
The one-factor inhibition/interference model, displayed in Figure 71, consisted of all the inhibitory 
variables adopted -Stroop indexes (negative priming, interference), Hayling indexes (correct 





completions, response times), Directed Forgetting benefit index, intrusion errors in the Directed 
Forgetting (TBF-F-FO, TBF-R-RO), and in the Reading Span test- loading on a single factor. The 
Stroop Color test, and the Hayling Test measures were the only variables based on response times. Fit 
values are displayed in Table 55. For the two age samples, the one-factor model of inhibition was not 
acceptable. In particular, for the two age samples, as t values indicated, all measures related to the 
restriction function of inhibition did not load significantly on the latent variable. In contrast, the 
manifest variables related to the deletion function of inhibition resulted good indicators of the latent 
variable. For the young sample only, the Directed Forgetting benefit index was not significantly were 
to the latent variable among the deletion variables.  
When age was added, the model did not converge for young, and was not acceptable for older sample. 
In fact, all the restriction indicators were not significant for adults concerning the one factor model. 
The two independent factors, distinguishing between the restriction and deletion function of inhibition, 
produced very bad results and were, therefore, not admissible. It has to be underscored that the 
correlation between the two factors was non significant, thereby confirming the absence of relation 
between the two inhibitory function observed in the correlation matrices. Thus, for both age samples 
two different/ distinct models, one for the restriction, and the deletion factors, were examined. The 
model concerning the restriction latent variable was not acceptable for young, as could be foreseen 
from the results obtained with the unitary factor of inhibition/interference. See for example the χ2/df177 
in Table 54 (see also Table 55). As concerns older adults, the restriction latent variable had a good fit 
but mainly because the indicators were not significant. Once the exogenous variable was included, for 
both age samples, the model was not admissible. In contrast, a latent variable «deletion» was derived 
from the manifest variables and the model fitted the data when age was included. Indeed, for the two 
age samples, the deletion latent variable model was acceptable. Thus, whereas the restriction latent 
variables were dropped, the deletion latent variable, derived from the Directed Forgetting benefit and 
the intrusion errors, was maintained. Even though the Directed Forgetting index of benefit was not 
significant in the young sample, we decided not to drop it, as the model was acceptable, on one hand, 
and also in order to represent the theoretical construct better. In addition, the reasonable fit of the 
“distracting” latent variable obtained for both samples suggest that inhibition is not a unitary construct 
This finding is consistent with the extremely low age-related effects observed in the univariate 
analyses on one hand, and with the absence of correlations between the inhibitory/interference tasks 
on the other (see Table 50 and 51). It is also important to note, however, that, contrary to the others 
indicators used, the measures supposed to form the restriction latent variable were the only ones based 
on relative differences.  
The fit of the two-factor model178 for the reading comprehension, with a Comprehension for text 
factor, and a Memory for text factor, both defined by the proportion of errors by the type of question, 
                                                 
177 For an acceptable fit χ2/df should be included between 2 and 3 and for a good fit between 0 and 2. 
178 As the Comprehension for text and the Memory for text had only two indicators, it was necessary to constrain the factor loadings be equal 
so that the models could be empirically identified (Bollen, 1989). 





appeared to fit the data better than the one-factor model for adults (see Table 54), and especially for 
the young. 
Model fit was very good concerning working memory and processing speed for both the young and 
the adult samples. When the age exogenous variable was inserted, the processing model fit was 
acceptable for both samples. For working memory the model was acceptable for the young sample and 
good for the adult sample. 
 
Table 54. Fit indices across models for the young and adult samples.  
 Young Adult 
 χ2 df  p GFI NFI CFI RMSEA χ2/df χ2 df  p GFI NFI CFI RMSEA χ2/df 
WORKING MEMORY                  
Working memory model saturated        
model 
saturated        
AgeWorking 
memory  3.00 1 .08 .98 .96 .97 .10 3.00 .22 1 .65 1 1 1 .000 .22 
PROCESSING SPEED                 
Processing Speed model saturated        
model 
saturated        
AgeProcessing 
Speed  .35 1 .55 1 1 1 .000 .35 .07 1 .78 1 1 1 .000 .07 
INHIBITION / 
INTERFERENCE                 
Inhibition/interference
* 38.59 20 .00 .91 .43 .53 .10 1.92 19.17 20 .5 .97 .75 1 .01 .95 
AgeInhibition/interf
erence  --- --- --- --- --- --- --- --- 44.38 27 .01 .93 .63 .79 .07 1.64 
Restriction and 
Deletion --- --- --- --- --- --- --- --- ---       --- 
AgeRestriction           
Deletion  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 
Restriction*  96 2 .61 1 .91 1 .000 48 .11 2 .09 1 .98 1 .000 .05 
AgeRestriction  --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  
Deletion* --- 2 .13 .91 .86 .91 .10 2.00 --- 2 .13 .99 .93 .96 .08 2.04 
AgeDeletion  5.99 3 .11 .98 .90 .98 .04 1.96 11.02 5 .05 .97 .86 .91 .10 2.20 
READING 
COMPREHENSION                 
Reading 
comprehension (Rc)* 9.74 2 .00 .95 .92 .94 .19 4.87 4.96 2 .08 .98 .94 .96 .09 2.48 
AgeRC  14.66 5 .01 .94 .93 .95 .14 2.93 5.07 5 .41 .99 .96 .1 .00 1.01 
TC and MT 5.98 3 .12 .97 .95 .98 .08 1.99 2.88 3 .41 .99 .97 1 .00 .96 
AgeTC; Age  MT  10.35 5 .07 .96 .95 .97 .10 2.07 3.01 5 .70 .99 .98 1 .00 .06 
* single factor 
TC = comprehension for text, MT = memory for text 
 
Table 55. Model evaluation: some rules.  
Fit Measure  Good Fit  Acceptable Fit  
χ2 0 ≤ χ2 ≤ 2 df 2 df ≤ χ2 ≤ 3 df 
p .05 ≤ p ≤ 1.00 .01 ≤ p ≤ .05 
χ2/df 0 ≤ χ2/df  ≤ 2  2 ≤ χ2 /df ≤ 3 
GFI .95 ≤ GFI ≤ 1 .90 ≤ GFI ≤.95 
NFI .95 ≤ NFI ≤ 1 .90 ≤ NFI ≤ .95 
CFI .97 ≤ CFI ≤ 1 .95 ≤ CFI ≤ .97 
RMSEA 0 ≤ RMSEA ≤ .05 .05 ≤ RMSEA ≤ .08 
 
 
The next step was to test the causal relationships between the factor and the variable age. Figure 72 
presents the relationship among factors and age that were tested.  





Consistent with the literature recommendations, several models were tested. All the latent variables 
were defined, as described above, the same way, and only the relationships between the latent 
variables were modified in the different models. In particular, while the role of working memory on 
reading comprehension is theoretically well defined, the relationship between reading comprehension, 
processing speed, and inhibition is not. Indeed, in the aging literature, Kwong-See and Ryan (1995) 
suggested that reading comprehension differences were mediated by age differences in processing 
speed and inhibition. In contrast, Van der Linden et al. (1999) showed that the relationship between 
age and reading comprehension was mediated by speed, inhibition and verbal working memory. In the 
literature concerning children, the panorama is more difficult to define because of the lack of studies 
interested in the joint role of working memory, processing speed, and inhibition in reading 
comprehension development. 
Moreover, the question of the direct or indirect effect of age on reading comprehension is still open. Is 
the effect of age on reading comprehension direct or indirect? 
 
According to the different models proposed by the literature both in the cognitive-development and 
cognitive-aging fields, working memory tasks would mediate the influence of age on cognition, while 
processing speed and inhibition would in turn mediate the influence of age on working memory tasks 
(see de Ribaupierre, 2001).  
The above theoretically hypothesized model makes, therefore, a number of general hypotheses, valid 
for both age groups, explicit. The following predictions were done: 1) processing speed and deletion 
are predicted by age; 2) the relations between age and working memory are mediated by processing 
speed and deletion179. 
From this “baseline” model, different patterns of relations were tested to assess the influence of age, 
processing speed, deletion, and working memory on reading comprehension. The inclusion of the two 
latent variables for reading comprehension allowed us to test the relationship between comprehension 
for text and memory for text, and the other constructs. Indeed, as shown, reading comprehension was 
better defined by dissociating it in two latent variables. Models are reported in Figure 72180. 
 
Our interest was to assess not only the relationship between the construct of interest and reading 
comprehension, but also to verify if the same model could fit data for the young and adults.  
The following alternative models, therefore, were tested.  
Model 1): The effect of age on working memory is mediated by processing speed and inhibition, while 
working memory mediates the influence of age on both comprehension, and memory for text. This 
model predicts that all the effects on text comprehension latent variables are mediated by working 
memory that contributes directly to comprehension and memory for text (see also Figure 73).  
                                                 
179 Nonetheless, a model in which age had a direct path on working memory was also tested (see Model 2), in order to verify the hypothesis 
that the effect of age on working memory operates through processing speed and deletion.  
180 The model in which all the factors load on a general factor was not graphically displayed, being easy to imagine.  





Model 2): Similar to Model 1 but with a direct path from age to working memory. This model assumes 
that working memory not only explains a significant part of the variance in reading comprehension 
latent variables, but also that age contributes to reading comprehension performance directly. 
Furthermore, processing speed and deletion intervene indirectly through the mediation of working 
memory. This model reproduces the one obtained by Van der Linden et al. (1999).  
Model 3): With no direct path from age to working memory. Nonetheless, the effect of age was direct 
to both reading comprehension latent variables. Furthermore, working memory mediated age-effect in 
both text comprehension latent variables. Processing speed and deletion intervene indirectly through 
the mediation of working memory. This model tested, consequently, the presence of both direct and 
indirect effect of age on reading comprehension. 
Model 4): Similar to Model 3, but removing the direct effect of age on comprehension for text latent 
variable. Thus, age-related effects on comprehension for text are mediated by working memory, 
contrary to the memory for text latent variable in which the effect of age is both direct and mediated 
by working memory.  
Model 5): With no path from working memory to reading comprehension latent variables. Thus, this 
model assumes that working memory does not predict reading comprehension, while processing speed 
and mediate directly the effect of age on comprehension and memory for text. In addition, age has a 
direct effect on reading comprehension latent variables.  
Model 6): Similar to Model 5 but with no path from age to reading comprehension latent variables; 
thus, all age-related effects are mediated by processing speed and the deletion function of inhibition. 
This model is derived by Kwong-See and Ryan (1995) results.  
Model 7): Similar to Model 6, but with no path from processing speed to reading comprehension; the 
age-related effects on language latent variables were mediated by the deletion latent variable. 
Model 8): Similar to Model 1, but comprehension and memory for text are supposed to predict 
working memory. This model is quite paradoxical, in the sense that it foresees a causal effect of 
reading comprehension abilities on working memory and not the reverse. Nonetheless, the direction of 
the causal relationship between these two constructs has often been advanced in the literature, in 
particular in studies about good and poor comprehenders. Is it a poor working memory that causes 
comprehension problems or comprehension difficulty that influences working memory capacity?  
Model 9): All the variables loaded on a general factor.  
In Figure 73, circles represent the latent variable, and rectangles represent the observed or manifest 
ones, from which the latent variables are derived. Parameters on single-headed arrow paths between 
latent variables (path coefficient) can be interpreted the same way as semi-partial correlations; that is 
they can be squared to indicate the proportion of variance in the criterion construct that is uniquely 





accounted for by the predictor construct. Numbers on the paths connecting latent to manifest variables 
represent the factor loadings for the tasks considered.  




























































Figure 71. Hypothesized models for structural relationship among variables and legend representing 
the alternative models 
 






The data were analyzed using LISREL 8.53 (Joreskog & Sorbom, 1999). Several fit indices were 
reported, as is typically recommended, because of the sensitivity of χ2 to sample size. In Table 56 fits 
statistics of the structural models tested are displayed. 
 
To compare models, the change in chi-square (Δχ2) from the target to the alternative models, in 
relation to the degrees of freedom, was computed. As the models were nested, Δχ2 is also distributed as 
χ2, and the size of the difference between models may be compared χ2 (df) to assess the statistical 
significance of changes to the model (see Table 57).  
It is very important to mention that the same models were tested, though not reported, in which the 
two reading comprehension latent variables were correlated. Results showed that the correlation 
between the two reading comprehension latent variables, in both age samples, was not significant, this 
suggests the presence of two distinct abilities involved in reading comprehension. Nonetheless, the fit 
indices between the models, with the two reading comprehension latent variables correlated or not, 
were similar to the fits of the models presented and discussed below.  
Another important point is that, following the suggestions for modifications in the output, the intrusion 
errors in the Reading Span test were correlated with the mean number of words recalled in the Reading 
span test.  
 
Except for model 9 that postulated a general single factor, which had an unacceptable fit, the models 
tested altogether provided a reasonable fit in both age groups. In particular, the first model produced 
the more satisfactory result. For this reason we will center our discussion on it. The standardized 
solution for the Model 1 is graphically displayed in Figure 73 for both the age samples. Moreover, a 
more detailed solution, including error variables, is presented in Figure 74 for the young sample, and 
the adult sample, respectively. 
The first model (Figures 72, 73, and 74) is the hypothesized model, predicting that working memory 
mediates the influence of age on comprehension and memory for text, while processing speed and 
deletion account for, in turn, age-related variance in working memory. The fit indices indicated that 
this model provide a satisfactory fit (see Table 56, and Table 57), for both samples, thereby suggesting 
that this model might be a reasonable representation of the data. All parameters between the latent 
construct were significant at p < .05, contrary to the others models tested. Moreover, for both samples 
all the other parameters predicted significantly the latent variables, except for the Directed Forgetting 
benefit index, as was anticipated, for the young one.  






Table 56. Fit indices across models by age group. 
 
Young Adults 
 χ2 df  p GFI NFI CFI RMSEA χ2/df χ2 df  p GFI NFI CFI RMSEA χ2/df 
Model 1 77.46 63 .10 .90 .93 .99 .05 1.23 102.91 63 .00 .91 .90 .96 .06 1.63 
Alternative models 
Model 2 76.14 60 .08 .89 .93 .98 .05 1.27 87.30 60 .01 .92 .91 .97 .06  1.46 
Model 3 75.72 61 .08 .89 .93 .98 .05 1.24 98.49 61 .00 .91 .90 .96 .07 1.61 
Model 4 77.41 62 .09 .89 .93 .99 .05 1.25 97.62 62 .00 .91 .90 .96 .06 1.57 
Model 5 80.20 59 .03 .89 .93 .98 .06 1.36 99.60 59 .00 .91 .90 .96 .07 1.69 
Model 6 82.28 61 .03 .88 .93 .98 .06 1.35 103.09 61 .00 .91 .90 .95 .06 1.69 
Model 7 97.70 63 .00 .87 .91 .97 .07 1.55 105.30 63 .00 .90 .89 .95 .06 1.67 
Model 8 151.90 63 .00 .80 .86 .91 .12 2.41 140.14 63 .00 .87 .86 .92 .14 2.22 
Model 9 160.91 65 .00 .77 .85 .91 .14 2.48 275.47 65 .00 .75 .72 .77 .16 4.24 
 
 
Table 57. Models comparisons. 
 Young Adults 
 Δχ2 
Model 1 vs 2  1.32, p = .72 15.61, p = .00 
Model 1 vs 3  1.74, p = .42 4.42, p = .11 
Model 1 vs 4  .05, p = .82 5.29, p = .02 
Model 1 vs 5  2.74, p = .60 3.31, p = .51 
Model 1 vs 6 4.82, p = .09 .18, p = .91 
Model 1 vs 7 20.24, df = 0 2.39, df = 0 
Model 1 vs 8 74.44, df = 0 37.23, df = 0 





Figure 72. Best-fitting measurement model (Model 1) for the young, and the adult samples. 
 





The proportion of the variance explained in comprehension for text, and in memory for text was quite 
important for both direct and indirect effects (comprehension for text: .68 for young and, .54 for 
adults; memory for text: .62 for young and, .45 for adults). Furthermore, the relationship between 
working memory, and both comprehension for text181, and memory for text was negative (respectively, 
-.82 and -.79 for young, and -.73 and -.67 for adults). This result confirms that age-related changes in 
comprehension and memory for text are explained by a reduction of working memory capacity. Thus, 
as expected, a larger working memory capacity implies higher comprehension abilities, and even 
independently of the presence of the text during the answer phase or not. Concerning the direct effect 
of age on processing speed and deletion, the strength of relations seems to be equivalent between the 
two age samples. Indeed, age was negatively related to processing speed (-.86), and for deletion (-.58) 
for the young. For the adult sample, age was positively related to processing speed for adults (.82), and 
deletion (.41). Hence, developmental changes in cognition are associated with an increase in childhood 
and a decrease in adulthood in the efficacy of deleting information no longer irrelevant, and in the 
speed of processing information (e.g. a larger quantity of information treated in a shorter time for 
young adults, but a longer time needed to process information for older ones). Moreover, the speed of 
execution of information, and the deletion function of inhibition resulted as important predictors of 
age-related performance in working memory tasks. Whereas the relation between deletion and 
working memory seems to be more similar for the two age groups (-.30 for young, and -.47 for adults), 
the one between processing speed and working memory seems to be more important for the young 
sample (-.68), than for adults (-.41). This result concerning processing speed is partially consistent 
with de Ribaupierre’s (2001) findings. Indeed, de Ribaupierre, using SEM, found that the role of speed 
on working memory was more important in children, while inhibition was more important in adults. 
Following her procedure, we combined the « speed way », as de Ribaupierre named it, and the 
« inhibition way ». The so called « speed way », combining paths, to working memory was equal to 
.58 for young, and .33 for adults, whereas the “inhibition way” was equal to .17 for young and .19 for 
adults. Nonetheless, if the role of speed, comparing young and adult adults, was more important in the 
young sample, the role of inhibition produced similar results between age samples. Furthermore, the 
strength of association between inhibition and speed to working memory within each age sample was 
equivalent only in the adult sample. Results of model 1 are graphically summarized in Figure 74, and 
outputs are fully presented in Appendix (see Section A.9.)  
Figures 75 and 76 displayed the models tested (from model 2 to 8) for the young and older sample in 
which non-significant causal parameters are highlighted with dotted lines.  
Even though overall fits of model were globally similar, as indicated by chi-square difference test 
(Table 57), Model 1 appears to be the most appropriate. It indicated that processing speed and 
deletion/inhibition mediate the influence of age on working memory, which, in turn, mediated age-
related variance in both comprehension for text, and memory for text. Thus, the effect of age, for both 
                                                 
181 We remind that the scores used were errors. 





age samples, on reading comprehension was indirect. The constructs studied concur jointly and 
independently with changes in comprehension and memory for texts.  
Taken together, the results of structural equation modeling indicated that the same model applied to 
both age groups. Nonetheless, if the same constructs influence age-related difference in reading 
comprehension across lifespan, the between construct relations were not identical, confirming the 
results obtained comparing the two correlation matrices.  
 








Figure 73. Best-fitting measurement model (Model 1) for young and adult samples (path values are in 
bold and italic). All paths are statistically significant at p < .05 (t value > ± 1.96). 
 
 










Figure 74. Alternative models for the Young sample. Continuous lines indicate accurately estimated 
coefficients (t value > ± 1.96). Discontinuous lines indicate inaccurately estimated coefficients (t value 
< ± 1.96). 











Figure 75. Alternative models for the Adult sample. Continuous lines indicate accurately estimated 
coefficients (t value > +/- 1.96). Discontinuous lines indicate inaccurately estimated coefficients (t 
value < +/- 1.96). 
 





III.1. MULTIGROUP ANALYSES: EVALUATING THE EQUIVALENCE OF 
THE YOUNG AND ADULT BEST-FITTING MODEL 
SEM analyses showed that the most parsimonious, the most meaningful and the best-fitting model was 
the same for both age samples. However, the various parameters are somewhat different for the two 
age groups. It was then interesting to further question whether the structural model (measurement 
model, structural model, or both) was really identical across the two age samples. For instance, we 
assumed that although the same model fits data for young and adults sample, it could nevertheless 
differ across age groups (de Ribaupierre, 2001). To test this assumption, and validate the model on the 
different groups under investigation (young and adult), we applied a multigroup approach (Byrne, 
1989).  
Multigroup analysis allows assessing whether a specific model fits equally well the data observed in 
the different groups under consideration, by placing equality constraints on parameters across groups 
(e.g., Byrne, 1989). By varying the number of equality constraints, one can determine to which extent 
the model is really identical. The models specification can range from a lack of invariance (an 
identical structure is assumed, but parameters estimates are left free to vary) to full invariance 
(equivalence of factor loadings, the factor variance-covariance, and unique variance) across the two 
samples. The progressive imposition of constraints produces a sequence of nested models, each of 
which can be compared to a baseline (Model 1), less constrained, model. Obviously, the more 
constraints are used, the less adequate the fit of the model will be, relative to a model in which all 
parameters are free to vary. Nevertheless, because they free up degrees of freedom, constraints also 
make the model more parsimonious. The difference between each constrained model and the baseline 
model can be tested via a likelihood ratio chi-square test (Δχ2). 
In order to verify the equivalence of the two models, a set of a priori hypotheses were specified and 
tested. The following hypotheses and model specification were tested: 
 
Model 1 – Baseline model. First, it was necessary to assess the fit of the baseline model, that is, the 
equality of the factor structure, with no equality constraints. A common factor model holding the same 
number of factors, the same pattern of fixed and free loadings in each group is thus examined. The χ2 
value for the global model corresponds to the sum of the χ2 values for the two separate models tested 
separately for young and adults.  
This model represents the qualitative similarity of the factorial structure that was inferred from the 
analysis performed on each of the age groups. It does not bring any additional information with 
respect to the comparability of the two age groups, but merely provides the basis for further 
comparison. Thus, the χ2 value of 180.37 with 126 degrees of freedom is the mere addition of the two 
χ2 values and their respective degrees of freedom for each of the age groups (see Table 56). 
 





A sequential procedure, which entailed adding parameter constraints one at a time, was then used.  
Model 2. All factor loadings (observed variables defining latent constructs – LY parameters) were 
assumed equivalent across groups; the pattern loadings is thus invariant. This condition of invariance 
is known as “weak factorial invariance”. If weak factorial invariance holds, then it permits 
unambiguous comparisons of the factor covariance matrices, because the contribution of each 
observed variable to the latent one is identical. 
Model 3. The factor loadings of observed variables and variances-covariances errors matrices of 
observed variables are equivalent across groups. This condition of invariance is known as “strict 
factorial invariance”. 
Model 4. The factor loadings of observed variables and the causal paths between latent endogenous182 
variables were specified to be equivalent across groups. That is, both the parameters linking observed 
variables (LY) to the latent ones, and the relations between the latent variables (BE), were considered 
identical.  
Model 5. The factor loadings of observed variables and the causal paths from exogenous183 to 
endogenous variables were specified to be invariant across groups. In this model, the latent variables 
were considered identical (LY), as well as the link between Age and the latent variables (GA); the 
relations between the latent variables (BE) were left free to vary. 
Model 6. The causal paths between latent endogenous variables, and causal paths from exogenous to 
endogenous variables were specified to be equivalent across groups. This time, both the relations 
between the latent variables (BE) and their link to Age (GA) were considered identical, but the links 
between the observed and the latent variables (LY) were free, implying that the latent variables could 
be defined somewhat differently for the two samples. 
Model 7. The factor loadings of observed variables (LY), the causal paths between exogenous 
variables (GA), and causal paths from exogenous to endogenous (BE) were specified to be equivalent 
across groups.  
Model 8. The factors loadings of observed variables, the causal paths between exogenous variables, 
and causal paths from exogenous to endogenous, as well as the measurement errors for endogenous 
variables were specified to be equivalent across groups. In this model, all parameters were thus 
considered invariant for the two samples, including the variance and covariance of the error 
parameters of the observed variables. 
Goodness-of-fit indexes were also used. They included the χ2 likelihood ratio statistics, the root mean 
square error of approximation (RMSEA), and CFI184. Table 58 presents the overall fit measures of the 
a priori models, going from the global model to the more restricted models.  
                                                 
182Exogenous variables are independent variables – i.e. variables with no prior causal variable (though they may be correlated with other 
exogenous variables -- depicted by a double-headed arrow).  
183 Endogenous variables are dependent variables in a broad sense – these can be pure dependent variables or mediating variables (variables 
which are both effects of other exogenous or mediating variables, and are causes of other mediating and dependent variables).   
184 RMSEA compares the model optimal parameter values with the population covariance matrix as if it was available. Values less than .05 
indicate a good fit, and values between .05 and .08 indicate a reasonable fit.  





Table 58. Overall fit results for multigroup comparison of young and adults. 
 χ2 df RMSEA CFI Δχ2 Δdf p 
Baseline model  222.41 126 .07 .95 --- --- --- 
Model 2 (invariant LY)  230.88 134 .07 .95 8.47 8 .39 
Model 3 (invariant LY, TE) 313.93 147 .09 .92 91.52 21 .00 
Model 4 (invariant LY, BE) 269.67 138 .09 .93 47.26 12 .00 
Model 5 (invariant LY, GA) 476.34 136 .14 .84 253.93 10 .00 
Model 6 (invariant BE, GA) 443.19 132 .14 .93 220.78 6 .00 
Model 7 (invariant LY, BE, GA) 538.64 140 .15 .83 316.23 14 .00 
Model 8 (invariant LY, BE, GA, TE) 656.24 153 .16 .80 433.93 27 .00 
Note. LY = loadings on endogenous variables; TE = measurement errors for observed (??)  variables; BE = causal 
path; GA = causal path from exogenous to endogenous. 
Results showed that a model assuming a general factor structure invariance across groups, in which 
the parameters linking the observed variables to the latent ones, did not significantly differ from the 
baseline model (Model 2). This fulfills the condition known as “configural invariance” (Horn & 
McArdle, 1992). As Schaie, Maitland, Willis and Intrieri (1998, p. 9) stated: “If this level of 
invariance is not maintained, then it is likely that developmental processes have resulted in qualitative 
changes in ability structure. In this case, for example, different numbers or types of constructs may be 
required at different life stages”. Accordingly, and with respect to our results, configural invariance (or 
pattern invariance) suggests that the factors are similarly defined and represent the same theoretical 
constructs across groups. The similarity between the young and adult models was, however, restricted 
to the general architecture (configural invariance and weak invariance) only. Indeed, all the other 
models were significantly different from the baseline one, showing that the larger qualitative 
differences were found not in the definition of the latent variables, but in the between-constructs 
relations.  
 
We also found it interesting to analyze more finely the relations between the latent variables (all tested 
together in the above analyses). Thus, starting, this time, from Model 2 (with the latent variables being 
defined similarly – LY parameters), we tested the equality between the age groups for the following 
causal paths: A) from age to processing speed, and B) from age to deletion; C) from processing, speed 
to working memory, and D) from deletion to working memory; E) from processing speed and deletion 
to working memory185; F) from working memory to comprehension for text, and G) from working 
memory to memory for text; H)186 from processing speed and working memory to comprehension for 
text, and I) from processing speed and working memory to memory for text; J) from deletion and 
working memory to comprehension for text, and K) to memory for text.  




                                                                                                                                                        
The CFI (incremental fit index) adjusts for the degrees of freedom and varies between 1 and 0. Values greater than .95 are indicative of a 
good fit.  
185 This model was tested only if model C and D were not significantly different 
186 Models I to K was tested only if previous models were not significantly different. 





Table 59. Overall fit results for multigroup comparison of young and adults. 
 χ2 df RMSEA CFI Δχ2 Δdf p 
Model 1 (see Table 57) 230.88 134 .07  --- --- --- 
A (Age --> Processing Speed) 408.03 135 .12 .86 177.15 1 .00 
B (Age --> Deletion) 259.9 135 .08 .93 29.02 1 .00 
C (Processing Speed --> Working Memory) 238.76 135 .08 .94 7.88 1 .00 
D (Deletion --> Working Memory) 231.61 135 .07 .95 .73 1 .39 
F (Working Memory--> Comprehension for text 242.07 135 .08 .94 8.55 2 .01 
G (Working Memory--> Memory for text 237.18 135 .07 .94 11.19 -1 -- 
 
As compared to Model 2187 (see Table 58), the only path that did not significantly differ between the 
young and the adult samples was the causal path between the working memory and the deletion latent 
variables. Overall, the pattern of result indicated that the causal paths between endogenous and 
exogenous variables differed significantly across the two groups, to the exception of the path from the 
deletion latent variable to the working memory latent variable.  
 
In summary, multigroup analyses showed that, although a same model was the best fit for both the 
group composed of children and young adults, and the group composed of young and older adults, this 
equivalence was restricted to weak factorial invariance. That is, the latent variables can be defined 
similarly for both the young and the adult samples, but their relationships vary, as well as the relative 
contribution of Age to each of them. It seems thus reasonable to suppose that beyond the configural 
invariance, developmental changes can lead to substantial differences in models. The findings suggest 
that similar processes are at work in the different tasks across the lifespan. This does not preclude that 
they co-exist with other processes, that may change with age, as the variance of the observed variables 
was never fully accounted for by the latent variables. Also, the error parameters and their relations 
could not be kept invariant.  
The interplay between the latent variables as well as the contribution of age appear to change across 
the lifespan. A “general architecture” seems to be subordinate to development: hence, the same 
processes are à l’oeuvre in both children and older adults, but their dynamic interactions vary across 
the lifespan. Indeed, “…even though the same processes might be available to all individuals, the easy 
way with which they can be activated, and their respective weight are very likely to vary between 




                                                 
187 The same pattern of results was obtained when models were compared with the baseline model (configural invariance).  






7.IV. SUMMARY OF MULTIVARIATE ANALYSES 
Both correlation and regression analyses indicated that age differences in cognitive mechanisms were 
found to mediate age differences in the reading comprehension measures studied.  
Indeed, concerning regression analyses on the whole, the percentage of variance associated with age 
for the detail recall and inference drawing, in both text presentation conditions, was reduced when 
individual differences in working memory, inhibition/ interference and processing speed were entered 
before age. Structural equation models confirmed these results. Indeed, working memory, the deletion 
function of inhibition, and processing speed mediated age-related variance in both comprehension for 
text and memory for text. It was not necessary to add a direct path from age to reading comprehension 
variables, meaning that the three latent variables account for almost all age differences. The 
relationships between age and reading comprehension, mediated by the cognitive processes, is similar 
to the one observed by Van der Linden et al. (1999). However, contrary to our best fit model, these 
authors foresaw a direct influence of age on working memory.  
In the present study, working memory was the major mediator of the influence of age on reading 
comprehension abilities whether in children, or in older adults. The reduced functional capacity of 
working memory, due to development and/or aging, accounted for age differences in reading 
comprehension abilities. Interestingly enough, for both age samples, reading comprehension was 
better defined by two variables (comprehension for text and memory for text), than by a general 
reading comprehension variable. These two latent variables, representing the two text presentation 
modalities, highlight the importance of dissociating, within reading comprehension activities, the 
memory for text from comprehension for text. Indeed, in our view, the term reading comprehension 
has been frequently overextended, and it will be important in future studies to be more specific when 
examining this complex ability. Very often research on reading comprehension development, in 
childhood and/or in adulthood, subsequently drew general conclusions on reading comprehension 
abilities, although the task used measured memory for text skills more than comprehension per se. 
Consequently, a more precise use of the reading comprehension term would permit a better 
understanding of age-related differences, and, also, to solve the contrasting results present in the 
literature. DeDe et al. (2004) examining in adulthood the relationship between age, verbal working 
memory, and different types of language measures (online syntactic processing, sentence 
comprehension, and text comprehension), in view of the results they had, concluded stating: “…This 
raises the question of what distinction needs to be made in the complex set of processes that are 
grouped under the terms comprehension and sentence comprehension”. We definitely agree with this, 
but, as our results showed, a supplementary, but basic, distinction has to be added within the term 
comprehension: namely, comprehension per se and comprehension with memory for text. As observed 
with structural equation modeling, working memory predicted comprehension and memory for text. 
Furthermore, age differences in working memory were in turn predicted by a reduction in the efficacy 





of inhibiting irrelevant information, as well as by the speed at which information were processed in 
both age samples.  
Even though the same model, that is, the same cognitive architecture fit the data for both young and 
adults, the role of the cognitive processes involved in explaining age differences in reading 
comprehension abilities seems to be different. For example, the so-called “speed-way” proved to be 
more important in the young sample than in the older one. The so-called “inhibition-way” seems to 
have not exactly the same weight in both age groups. Nevertheless, it is difficult to argue about this 
“inhibition way”. Though inhibition is often considered a general mechanism, both correlation 
analyses and structural equations modeling favored an interpretation that conceived of specific 
inhibitory processes. It was, in fact, not possible to define a measurement model for inhibition as a 
unitary construct. When distinguishing between a restriction and deletion inhibitory latent variables 
the two functions did not correlate, and only the deletion latent variable could be defined (both in 
confirmatory factor analyses and structural equation models). Hence, the role of the restriction 
function of inhibition on reading comprehension abilities, and even on working memory could not be 
examined with structural equation models. Nonetheless, regression analyses indicated that, for 
example, in the young sample the restriction function of inhibition has an important role, contributing 
significantly to explained variance in inference questions in both text presentation modalities.  
Contrary to the findings of Kwong-See and Ryan (1999), who observed that, with aging, processing 
speed and inhibition, but not working memory, mediate age differences in language comprehension, 
our results showed that age differences in inhibition, and in processing speed contributed only 
indirectly to language comprehension. Actually, even though their results are quite intriguing, it is 
difficult to deny the role of working memory on reading comprehension. The conclusion they arrived 
at, in fact, was a bit premature as the multivariate data analyses they used, regression analyses, did not 
theoretically permit an assessment of the direct relationship between the mediating factors. Moreover, 
they used a composite score -including sentence comprehension, text comprehension, and language 
comprehension- for language processing; on the one hand this could influenced the sensitivity of their 
model; on the other hand, it could have led to an underestimation of the underlying processes of each 
component of language processes examined. For example, DeDe et al. (2004), modeling the 
relationship between working memory, online syntactic processing, and sentence and text 
comprehension separately, obtained the following results: the online processing measure was directly 
predicted by age, but no effect was mediated through working memory; conversely, for sentence and 
text comprehension, the effect of age was mediated through working memory. Hence, the relationship 
between processes involved in reading comprehension varies as a function of the measure of language 
processing adopted.  
Multigroup analyses confirmed that though the same model best-fitted data for both the group 
composed of children and young adults, and the group composed of young and older adults, the 
relationships between constructs were different. It seems reasonable to suppose that even given the 





configural invariance, developmental differences can lead to substantial differences in model. Thus, a 
particular paradigm may measure the same latent constructs over lifespan, but its degree of efficiency 
changes. Therefore, this suggests that similar processes are at work as far as age changes are 












The goal of this study was to investigate age differences in reading comprehension across the lifespan. 
A lifespan perspective has been adopted in order to assess inter-individual differences and similarities 
in the development of reading comprehension in children, young, and older adults. 
Researchers in the field of child development and aging have identified different developmental 
determinants that regulate the rate of age-based changes in cognitive functioning. So far, working 
memory, inhibition, and processing speed have been studied as “regulators” of development (for 
children: Case, 1985; Pascual-Leone, 1970; Bjorklund & Harnishfeger, 1995; Kail, 1995; for older 
adults: Salthouse, 1992b; Hasher & Zacks, 1988). Cognitive development should be considered, 
indeed, as multidimensional and even multidirectional instead of depending upon  a single mechanism 
(e.g., Baltes, 1987, de Ribaupierre, 2001). According to this view, we adopted a multidimensional 
approach, and suggested that several underlying processes need to be taken into account to clarify 
developmental and individual differences in reading comprehension. 
The ability to maintain information in an active state, while manipulating or transforming other 
information (working memory), and the ability to suppress off-goal information (inhibition) seem to 
be important mediators of age differences in both childhood and adulthood. Processing speed is also 
another crucial candidate, as de Ribaupierre (2001) defined it, in accounting for age differences in 
developmental and aging fields. The basic assumption related to processing speed considered as a 
processing resource, is that a more rapid execution of cognitive operations allows more and possibly 
better processes to be carried out (e.g., Case, 1985; Salthouse, 1985). The increase in mental resources, 
followed by their decrease in late adulthood, is, indeed, considered to account for age-related changes 
in cognition. 
Furthermore, both inhibition and processing speed are considered to account for changes in working 
memory performance in children and older adults. Feldman Barrett et al. (2004) suggested that the 
ability to engage in controlled processing in attention-demanding situations, such as those that require 
inhibition, is related to individual differences in working memory capacity. Age differences in 
working memory are, therefore, hypothesized to be due to changes in inhibition or, more generally, in 
the capacity to control attention (Feldman Barrett et al., 2004). However, there is very little evidence 
regarding the influence of inhibition on working memory, even though theoretical assumptions are 
strong in this respect. In fact, very few studies have directly assessed the relationship between working 
memory and inhibition.  
Processing speed may also account for changes in working memory performance: the more rapidly the 
information is processed or activated, the larger is the quantity that can be processed (Case, 1985). 





Much of the impact of age-related change in processing speed is directed on working memory (Kail, 
1992b). Fry and Hale (1996) showed that age-related increases in speed in children and adolescents 
were associated with the increase in working memory capacity. For Salthouse (e.g., 1992; Salthouse & 
Babcock, 1991), the speed of execution of elementary operations is an important mediator of the 
relation between age and working memory. 
Several researchers have suggested that individual differences in working memory, inhibition and 
processing speed may account for age differences in more complex abilities, such as reading 
comprehension (e.g., Hultsch et al., 1990; Hartley, 1986). 
Hence, because the latter constructs are also assumed to play a crucial role in reading comprehension, 
such a lifespan perspective allows us to compare the structure and the efficiency of information 
processing in reading comprehension.  
From a cognitive view, reading comprehension involves several sub processes: visual analysis, 
phonological recoding, lexical access and word interpretation, syntactic parsing, semantic integration, 
and textual organization. A number of comprehension models (Kintsch, 1988) characterized 
comprehension as a process of constructing a structure in memory, based on propositions that are 
derived from text and inferences that link text information. After having read the text, a basis of its 
representation is built (van Dijk & Kintsch, 1983) and the generation of plausible inferences based on 
its association with prior knowledge in memory (Kintsch, 1988) is possible. As another text segment is 
read bridging inferences (Singer et al., 1992), as well as strategic inferences, depending on the reader 
goals (Kintsch, 1988) are made. According to construction integration theory (Kintsch, 1988) an 
integration phase would follow, in which inferences that cohere with current representation structure 
are strengthened while others decrease in strength. Successive cycles of construction and integration 
continue as the reader proceeds though reading. The end product of these interactive processes is a 
coherent mental representation of the text (Just & Carpenter, 1992; Oakhill & Garnham, 1988; 
Kintsch, 1998).  
The role of working memory and inhibition, in particular, has often been evoked to explain reading 
comprehension skills. Working memory is a processing resource of limited capacity, shown to be 
relevant for reading comprehension (e.g., Daneman & Carpenter, 1980; Turner & Engle, 1989; 
Perfetti, 1985). Tasks that measure working memory are those that require holding a small amount of 
material in mind for a short time while simultaneously carrying out processing. Individual differences 
in working memory have been attributed to different proprieties such as resource allocation (Just and 
Carpenter, 1992), and processing capacity (Halford, 1993). However, we rather believe, as proposed 
by Engle and Pascual-Leone, that the capability to control attention is a major determinant of 
individual differences in complex working memory tasks (Engle, 2002; Pascual-Leone, 2000). 
Therefore we consider, in line with a number of developmentalists or of individual differences 
researchers (e.g., Engle et al., 1999; de Ribaupierre, 2000) that working memory serves essentially to 
hold and process attentionally information and is relatively domain free. Thus, the ability to engage in 





controlled processing in attention-demanding circumstances, for example that require the suppression 
of inhibition of processing, is related to individual differences in working memory. As these abilities 
are also required during reading comprehension, individual differences in capacity for controlled 
attention are supposed to account for individual differences in reading comprehension. 
Working memory capacity is, therefore, considered an important feature in reading comprehension 
processes.  
During reading comprehension, incoming information must be actively maintained in memory, while 
other information is being acquired or manipulated. In addition, information that is irrelevant, or no 
longer relevant, has to be suppressed in order for the reader to build a mental representation of the text 
(Gernsbacher et al., 1990). To succeed in reading comprehension, the reader must be able to form a 
coherent mental representation of the text by activating relevant pieces of information, while inhibiting 
others. Thus, during the comprehension of a text, the reader is continuously required to change the 
content of memory, that is, to maintain the relevant information and eliminate irrelevant information. 
However, the maintenance of all text information in memory, in a continuous active state would result 
in the saturation of working memory capacity, both in terms of the amount of information that can be 
distributed, and of the limitations of attentional resources available to activate and maintain task-
relevant information. Therefore, given the limits of working memory capacity, good use of memory in 
reading comprehension tasks also involves the selection of relevant information and the suppression of 
irrelevant information (e.g., Hamm & Hasher, 1992; Carretti et al., 2004). Consequently, inhibition is 
often evoked to account for individual differences in reading comprehension performance, in 
association with the limited capacity of working memory.  
As working memory, inhibition and processing speed increase in efficiency in childhood and decrease 
during aging, reading comprehension skills should follow the same “trajectory”. Older adults, for 
example, who have a poor working memory (Park et al., 2002), less efficient inhibitory mechanisms 
(Zacks & Hasher, 1997) and a reduced rate of processing operations (Verhaeghen & Salthouse, 1997), 
should show reading comprehension difficulties. The decline in aging in the so-called regulators of 
cognitive development should therefore affect the ability of older readers to process text information, 
to select relevant information and integrate them during the building of text representation. Hence, 
older readers should present lower comprehension abilities than young adults. However, this is not 
always the case. As we have seen, several studies have found similar reading comprehension 
performances between young and older adults (e.g., Ehrlich et al., 1994; Burke et al., 2000; Stine-
Morrow et al., 2004; De Beni et al., in press).  
While working memory, inhibition, processing speed, and reading comprehension are certainly related 
in some way, their exact inter-relationships are not fully understood. In order to assess the role of 
working memory and inhibition in reading comprehension across the life span, it was imperative to 
adopt a multivariate design combined with a developmental approach. Doing so, it should help us to 
go beyond the discordant results found in studies of reading comprehension skills, and to elucidate the 





relationships between the general constructs pre-supposed to account for age-related differences in 
reading comprehension.  
The review of the literature that we have presented demonstrated that, although working memory, 
inhibition, and processing speed are often evoked in accounting for reading comprehension, few 
studies have tried to define how they actually interact in this context. This has lead to an important 
debate about which hypothesis best accounts for age differences in reading comprehension. 
Kwong See and Ryan (1995, p. 459) suggest that it would be “of benefit if it could be shown that 
differences in language performance could be explained by invoking fewer than three hypotheses” 
(referring to working memory, inhibition, processing speed). Because development is dynamic, and 
because of the complex processes characterizing reading comprehension, we strongly believe that the 
major benefit would be to focus on how the different constructs interact in order to account for age 
differences in reading comprehension, rather than focusing on raising a single, exclusive hypothesis.  
Most of the studies focusing on reading comprehension in children investigate basic reading skills, and 
those that study high processes adopt a unidimensional perspective and focus either on working 
memory, inhibition, or processing speed. In the field of cognitive aging, however, there has been a 
recent interest in attempting to specify the joint contribution of these constructs in accounting for age-
related changes on reading or language comprehension. More and more frequently, studies on reading 
comprehension and aging, that examined the relationship between reading comprehension and one of 
the above mentioned constructs (working memory, inhibition, processing speed) raised the necessity 
of additionally examining the effects of age differences in the alternative ones (see for example DeDe 
et al., 2004; McGinnis & Zelinski, 2001).  
 
A critical point in reading comprehension studies is how reading comprehension is evaluated. Most of 
the studies on age differences in reading comprehension between young and older adults, for example, 
measure reading comprehension using indexes of recall of text information. But is this really a “pure” 
or proper measure of reading comprehension skills? In other words, can we consider reading 
comprehension skills and the ability to recall text as synonymous?  
The traditional view that equates aging with deficits in text-memory performance has often 
underestimated that reading comprehension performance depends on an interaction between the reader 
and the text. For example, Radvansky and colleagues, along with Adams (1991), have demonstrated 
that the reader’s aptitude for comprehension changes with age. Young adults are more apt to focus on 
the literal text-based level, while older adults seem to rely more on the situational model in order to 
understand what the text is about. These findings suggest that certain cognitive changes can also hold 
an adaptive significance in the face of the general decline in processing resources. This emerging 
view, in particular, is part of the lifespan perspective (Baltes, 1987), according to which any 
developmental change includes the joint occurrences of gains and losses in adaptive capacity. 





Labouvie-Vief (1985) suggests that mature adults have developed a more selective processing mode in 
which attention is directed to integrative levels, and more informational units of meaning. In contrast, 
young individuals may favor the recall of vast amount of details. Also concerning higher 
comprehension skills, such as inferences making, McGinnis and Zelinski (2001) suggest that age-
related differences between young and older adults are qualitative and not quantitative. Older adults 
produce as many inferences as young, but inferences differ across categories. Although age differences 
in inferential processes with aging, the meanings derived from inferences remain preserved. Other 
studies, however, have shown a decline with aging in inference making abilities, independently of the 
type of inference requested (Cohen, 1979, 1981; Zacks & Hasher, 1988).  
Therefore, age differences between young and older adults in text recall may be due to differences in 
reading comprehension aims. 
A possible explanation for the age-related decline is that task requirements, almost entirely based on 
learning skills (memorize and remember information stated in the text), are not adaptive to older 
individual's everyday functioning (Hultsch & Pentz, 1980).  
Studies that examined reading comprehension per se, that is, not the recall of text content, did not find 
age differences between young and older adults. In more naturalistic reading comprehension 
paradigms that are closer to everyday requests essentially by limiting the additional memory load 
involved in text recall, elderly comprehension skills appears intact for everyday life functioning (e.g., 
De Beni et al., in press; De Beni et al., 2003). 
However, very little is known about the relationship between the cognitive abilities of interest 
(working memory, inhibition, and processing speed) and reading comprehension when the 
comprehension per se is evaluated. In fact, the majority of the studies that were interested in the 
relationship between reading comprehension and those cognitive abilities have evaluated reading 
comprehension performance in terms of how much text is recalled.  
In addition, concerning inhibition in particular, it is important to note that its role has mainly been 
studied by manipulating the text’s internal structure, such as introducing distractors into reading 
comprehension task (e.g., for children: Kipp et al., 1998; Lorsbach et al., 1998; Carlson et al., 1995; 
for adults: Connelly et al., 1991; Hamm & Hasher, 1992). This leads us to ask what relationship there 
might be between comprehension and inhibition if “external” measures of inhibition, “independent” of 
reading comprehension, were to be used.  
We, therefore, built a reading comprehension paradigm in which reading comprehension per se, as 
well as memory for text were both evaluated. Inferential and detail questions were additionally 
presented in both conditions in order to assess the role of inferences in reading comprehension. 
Furthermore, different measures of working memory and inhibition were included in the design to 
better assess their relationship with reading comprehension skills, in children, young and older adults.  





Another objective of this thesis was to determine whether working memory and inhibition: a) 
constitute general mechanisms, b) are sensitive to age changes in both childhood and adulthood, and c) 
play a similar role in accounting for age-related differences at the beginning and at end of the life span 
(i.e. in childhood and in late adulthood).  
Furthermore, because processing speed is often evoked to account for change in working memory in 
children (e.g., Kail, 1991) and older adults (e.g., Salthouse, 1992), its possible role as a mediator of 
age effects on working memory has also been investigated.  
 
If age differences in working memory and in processing speed have been well documented (Case, 
1985; Pascual-Leone, 1987; Salthouse, 1996), this is not the case for inhibition. Indeed, age-related 
differences in inhibition are still under debate, for some studies have found age differences in 
inhibition, while others have not. 
Moreover, whereas working memory and processing speed are considered to be general factors (e.g., 
Engle et al., 1992; Salthouse, 1992; Salthouse & Meinz, 1995; Kail, & Park, 1992), due to the strong 
correlations found between tasks measuring each of these constructs, this is not the case for inhibition. 
Correlations between various inhibitory tasks are either very weak or null (Park et al., 1996, 2002; 
Johnson et al., 2003; de Ribaupierre et al., 1997). Hence, it was of additional interest in the present 
study to investigate the generality of the constructs considered.  
The objectives of this dissertation may be viewed as arranged in a "cascade" manner. They aim to 
define: a) the relationship between working memory, inhibition, processing speed, and age; and b) the 
role of these constructs in reading comprehension both indexed by memory for text and by 
comprehension per se. Age, working memory, inhibition and processing speed are potential predictors 
of reading comprehension abilities. But, inhibition and processing speed are also potential predictors 
of working memory as well.  
Since we consider development as multidimensional, we claim that using a single predictor to account 
for age differences in reading comprehension would only provide a partial picture of the development 
of comprehension abilities. Not only other mechanisms than working memory can explain reading 
comprehension, but also individual differences and age differences in working memory are often 
attributed to processing speed and inhibition. Hence, the relationships between these constructs need 
to be clarified.  
 
It must be  remembered that, although we adopted a lifespan perspective, it was not possible to study 
age in a continuous manner, mainly for practical reasons. Therefore, we limited the study to 10 to 12 
year-olds, young adults and older adults. In order to understand age differences, children were 
compared to young adults on the one hand, and on the other hand, we compared young and older 
adults. In addition, in order to further investigate reading comprehension in aging, groups of 





participants of different ages were compared (young, young-old, old-old adults). This is important 
because little is known about the pattern of cognitive performance in old-old adults (Baltes & Smith, 
2003).  
 
With respect to age differences in working memory and processing speed, our findings are congruent 
with our hypotheses, as well as with the results reported in the literature. Clear age effects were found 
comparing a) 10 to 12-year-olds, b) children and young adults, and c) young and older adults,. These 
results support the hypothesis that performance in working memory and in processing speed tasks 
increases during childhood and decreased with aging. Children as well as older adults show a poorer 
performance than young adults in tasks that require the storage or processing operations of working 
memory. In addition, young adults had shorter completion times in perceptive processing speed tasks 
with respect to both children and older adults. However, contrary to our hypotheses, the decline in 
these mechanic abilities (Baltes, 1987) was not larger in old-old adults with respect to young-old 
adults.  
Note also that the age trend was more important for processing speed measures than for working 
memory ones. The quadratic function of age, indicating an improvement in performance in childhood, 
a peak in adulthood, and a systematic decrease with aging, was more important for processing speed 
(explaining more than the 30% of the variance), than for working memory (accounting for about 20% 
of the variance).  
 
In contrast, age differences found in inhibitory measures were generally very weak or null across all 
the age groups. For example, the size of the Age effect in the indices of inhibitory/interference was 
relatively low, with ηp2 values ranging from .03 to .08. Moreover, when age differences emerged, the 
pattern was different than that expected. The comparison of young adults and children in the Hayling 
task showed that young adults were less efficient in suppressing irrelevant and highly activated 
information than children. Relative differences controlling for the performance in the control 
condition, indicated a larger index of interference for young adults than for children. However, this 
result should be interpreted with caution. As young adults have a more important background of verbal 
knowledge, it may be that high-clozed sentences and relative missing words are more “relevant” or 
prepotent for young than for children. Altogether, although these results do not confirm our 
hypotheses, they are congruent with those found in other studies.  
 
In addition, age trends found for inhibitory tasks were, in the best of cases, very modest as compared 
to those found for the other constructs (the percentage of variance explained by age was around the 
10%). It is also important to note that, contrary to working memory and processing speed, age trends 
for inhibition were not uniquely represented by a quadratic function, but rather by mixed functions 
(linear/cubic).  





When intrusion errors (i.e. errors during recall) were considered in the Directed Forgetting task and in 
the Reading Span test, results were somewhat clearer, though still weak. Children and older adults 
were less able to prevent irrelevant information from entering their focus of attention than young 
adults. Thus, when information becomes irrelevant during the execution of the task, children and older 
adults appear to be more impaired than young adults. It seems, then, that the control functions of 
inhibition have a different impact across lifespan. Overall, these findings suggest that the ability to 
suppress representations that are no longer relevant for the current goal (as measured by intrusion 
errors in the Directed forgetting and the Reading Span) is more sensitive to age differences than the 
ability to prevent predominant but inappropriate responses (as measured by interferences indices in the 
Stroop Color, Negative Priming and the Hayling tests).  
 
Consistent with our hypotheses, we observed an improvement in comprehension skills in children, and 
a decline in late adulthood. The linear age trend for children and older adults respectively, suggests an 
improvement in reading comprehension skills in childhood, and a decrease with aging. However, the 
percentage of variance explained by age in reading comprehension performance was clearly larger for 
age differences in children (accounting for about the 50% of the variance), than for older adults 
(accounting for about the 16% of the variance).This result may indicate that the decline in reading 
comprehension with aging is not as worrisome as frequently affirmed.  
Interesting findings were reported in the experimental reading comprehension test when the text 
presentation condition was manipulated. The dissociation between the conditions has proved to be 
important in clarifying age changes in reading comprehension.  
In the comprehension per se condition, age differences were less pronounced (at least when young and 
older adults were compared) than when memory load was imposed during text comprehension. This 
result is congruent with studies that evaluated reading comprehension in a more naturalist way (e.g., 
De Beni et al., in press; Burke, MacKay, & James, 2000). Moreover, it confirmed that comprehension 
abilities are preserved until relatively late in adulthood.  
In the memory for text conditions, children and older adults committed more errors than young adults. 
This suggests that the ability to build a coherent and stable text representation is hampered in 
situations that place high demands on cognitive resources. However, in the comprehension per se 
condition, similar comprehension skills were observed between mature readers, particularly young and 
young-old adults, but not in old-old ones.  
Young-old adults clearly took advantage of the presence of the text in the comprehension per se 
condition. As this condition resembles the ones encountered in every day situations because the test is 
constantly available, young-olds have probably developed reading comprehension strategies that 
compensate for the decline of attentional resources. According to Baltes (1987), cognitive 





performance in young-old adults is characterized by the maintenance of pragmatic abilities that 
compensate for losses in the ability to manipulate information, that is, in mechanic abilities.  
Young-old adults could, therefore, compensate for the decrease in cognitive abilities by selecting the 
reading goals, and implementing strategies to optimize their reading comprehension skills (see the 
SOC model, Baltes & Baltes, 1990). As Radvansky and colleagues proposed (2001), it can be 
hypothesized that young-old adults focus on text information that is essential to build the situation 
model. In addition, they use the surface levels to build their situation models, without maintaining 
them. The reading comprehension strategy of young-old adults may be to concentrate on what the text 
is about in order to circumscribe resource limitations. In fact, young-old adults seem able to regulate, 
or self-regulate, their losses and, as a result, perform as well as young adults. This aptitude towards 
reading comprehension seems to be adaptive, and reflects adaptation to cognitive losses in general 
resources.  
The cognitive-processing deficits that affect verbal processing can be diminished by the vast verbal 
knowledge and reading experience they older adults possess. Therefore, development can be 
considered as “any change in the adaptive capacity of an organism, whether positive or negative”. In 
the same vein, “ any developmental progression displays at the same time new adaptive capacity as 
well as the loss of previously existing capacity” (Baltes, 1987). In contrast, in the memory for text 
condition, such a compensatory strategy is not successful, for both encoding and recall of text 
information are required. The cost of favoring the construction of situation model is the loss of lower 
level details.  
This aforementioned pattern was not found for old-old adults. Consistent with the hypothesis that the 
decline in cognitive abilities is accelerated in old-old adults, our results indicated that even in the 
comprehension per se condition, the reading comprehension abilities of old-old adults were poorer 
than young. Old-old adults were impaired in situation model processing. Because overall verbal 
ability declines, text comprehension problems also arise in this advantageous reading comprehension 
condition. This result is consistent with the prediction that comprehension problems appear after age 
75, when pragmatic abilities also decline (Baltes & Mayer, 1999). The results further demonstrate that 
in old-old adults aging can indeed be associated with serious comprehension deficits. 
The few studies that have distinguished young-old adults from old-old ones support our results. Using 
reading comprehension paradigms measuring comprehension per se as in the present study, De Beni 
et al. (2003; in press) , found that old-old adults were outperformed by both young adults and young-
old, which, however, did not differ from each other. When samples are composed of young-old only, 
reading comprehension has been shown to be preserved (Burke et al., 2000). 
 
In the present study, all participants made more errors when they answered inferential questions, than 
when they answered questions about details, also in the memory for text condition. This suggests that 
inferential processes are determinant for successful comprehension. Inferential processes involve more 





cognitive resources than the recall of detail because they require the integration of different pieces of 
text with the individual’s prior knowledge.  
Contrary to our hypotheses, however, age differences for detail recall and interferential questions were 
not as important as expected; Inference drawing abilities were significantly different between young 
and children, but not between young and older adults. Nonetheless, the fact that young and older 
adults did not significantly differ in the ability to draw inference, provided further support for a 
possible adaptive approach adopted by older adults towards reading comprehension, in which they 
direct their reading purpose to higher level integrative units of texts.  
Children were more influenced than young adults by the type of text presentation in answering 
questions. Here again, an intriguing result emerged: children were more impaired by the text 
presentation conditions for detail recall questions than for inferential questions. We interpreted this 
result as indicating that the mental effort required by children to answer inferential question is so 
great, that even in conditions in which the text is available, their ability to integrate information is 
poor. At a developmental level, the number of schemes that are activated to answer inferential 
questions, but not detail ones, probably reaches the upper limit even when demands on memory are 
minimal.  
Consequently, it can be argued that the text presentation condition is more sensitive to age-related 
differences between young and older adults, than the type of questions condition. However, at a 
descriptive level, the proportion of errors on inferential questions appears to be higher, at least, for 
old-old adults than for young adults.  
Results further demonstrated that for reading times and response latencies to questions, the effects of 
age were not as important as expected. All age groups spent more time reading texts in the memory 
condition than in the comprehension condition, but participants had shorter response latencies for 
answering questions in the memory condition.  
In the memory condition, participants read the text at a slower rate because they knew that it would no 
longer be available in the response phase, which was not the case in the comprehension condition.  
Conversely, response times were longer in the comprehension condition, because the text remained 
available and participants could look back at it whenever necessary.  
Although these results may seem quite trivial, they are interesting, especially as far as older adults are 
concerned. Indeed, previous research has shown that older adults read texts more slowly than younger 
ones (Hartley, 1993; Stine, 1990). Nevertheless, because of the development of the rate at which 
information is processed in children (see Kail, 1992; Case, 1985), we should have observed larger 
differences in reading times between the two text presentation conditions in children, as compared to 
young adults. 
Age differences were observed for responses latencies to questions: children as well as older adults 
answered questions slower than young adults. As compared to young adults, older adults, but not 
children, were more hampered (i.e. had longer response times) in answering inferential questions, but 





not detail questions, in the comprehension condition. This last result seems again to favor the idea that 
older adults have developed a more selective processing mode during reading comprehension in order 
to better comprehend the text. However, age differences in response latencies, for both text 
presentation condition and types of questions, were not as important as hypothesized. 
It is again important to mention that regarding response latencies, results must be interpreted with 
caution due to reduced number of valid response times, especially for children. It is not a coincidence 
that, to our knowledge, no other study has measured children response times to questions in a reading 
comprehension paradigm. Despite this problem, we are still convinced that using such a measure 
furnishes important information on resource allocation in children during text comprehension. 
However, the small number of valid response times is synonymous to the small number of correct 
answers children gave in this study, which also sheds some light on the development of reading 
comprehension. 
When comparing young and older adults on response latencies, the text presentation condition only 
affected young adults who responded more quickly to detail questions in the memory condition, than 
in the comprehension condition. This has multiple implications. First, young adults take advantage of 
the presence of the text in the comprehension condition to answer detail recall questions. Second, they 
are more sensitive to the textbase level and, as a consequence, can rapidly answer detail recall 
questions in spite of memory load. It seems that, as Radvansky proposed (2001), young adults are 
more used to situations that require an effort to maintain the propositional textbase, which resembles 
the demands of their educational environment.  
Results indicated that response times of young-old adults, contrary to young adults, or even, to old-old 
adults, were longer for inferential questions than for detail recall in the comprehension condition.  
These findings could support our interpretation that young-old adults use some sort of compensatory 
mechanism. Because of their poorer working memory performance, their responses to inferential 
questions are probably slowed by looking back at the text in order to find and to reinstate information 
that was lost from working memory. This strategy also enables them to preserve their abilities when 
comprehension per se is required. Inferences are essential to comprehension and to the construction of 
a coherent model that is enriched by the amount of detail retained. Thus, to the degree that resource 
limitations constrain memory performance among young-old, these limitations seem to be 
circumvented to some extent through strategic control (Stine, 1995). 
 Due to this type of findings, it might be interesting to further investigate how frequently the reader 
looks back at the text, during the answering phase, and which sections of the text are more frequently 
consulted when inferential questions are presented.  
 
We now turn to the discussion of the construct issue. The following evidence emerged about the 
generality of each construct. Correlations between working memory, inhibition, and processing speed 
tasks were similar in the young sample (including children and young adults) and in the adult sample 





(including young and older adults). In both age samples, the correlations between working memory 
tasks, on the one hand, and processing speed tasks, on the other hand, were significant and quite 
strong. Additionally, in both samples, significant correlations were found between the measures of the 
experimental reading comprehension task.  
In contrast, the correlations between the different inhibitory measures were very low or null. This 
finding supports the “specific” nature of inhibition, more than a general one (e.g., Park, et al., 1996; de 
Ribaupierre et al., 1997). As de Ribaupierre suggests, inhibition is probably less general than working 
memory and processing speed. 
Note also that measures indexing the restriction functions of inhibition did not correlate between each 
other (Stroop interference, Stroop Negative Priming and Hayling variables), while the measures 
indexing the deletion function of inhibition did (intrusions errors in the Reading Span task and in the 
Directed Forgetting task). It should be stressed that the lack of correlations for the restriction measures 
did not change when simple difference scores, rather then relative difference scores, were used. Hence, 
the hypothetical generality of inhibition, as some recent studies have already shown, was not 
confirmed. Even though the correlations patterns for the two inhibitory functions is congruent with the 
findings obtained in other studies using the same tasks (de Ribaupierre et al., 2004), it is striking that 
only the inhibitory, or interference measures, are so inconsistent.  
Looking beyond the dimensionality of inhibition, it is intriguing to note that the measures indexing the 
deletion functions, which correlate with each other, are not based on response-time measures. It would 
be interesting to compare inhibitory tasks indexing the different inhibitory mechanisms that are 
indexed by the same type of variables (such as: errors; or response accuracy; or response times). 
However, the Stroop Color or the Negative Priming tasks are inhibitory tasks in which the number of 
errors is very limited because of the intrinsic task characteristics. 
The correlations between reading comprehension measures and the constructs of interest are central to 
the present study. For both age groups, both detail recall and inference questions in both text 
presentation conditions, correlated with working memory, inhibition, and processing speed measures. 
Finding a correlation between reading comprehension and the cognitive regulators of interest does not 
imply a causal relation. But it does suggest that the association is reliable.  
This pattern of results was also validated by hierarchical regression analyses, which confirmed the role 
of these general factors, conceived in terms of activation and suppression of information in reading 
comprehension activities. It is important to highlight that even though age differences in inhibitory 
measures were not as large as initially assumed, regression analyses indicated that both inhibitory 
functions contributed to reading comprehension performance. Inhibitory measures predicted, 
therefore, a significant part of the variance for both the detail recall and inference drawing in 
comprehension and memory for text. This finding is consistent with Gernsbacher’s hypothesis (e.g., 
Gernsbacher et al., 1990) claiming that the reduction in the suppression mechanism leads to 





inadequate activations of text information maintained in memory. The failure in suppressing or 
deactivating irrelevant or no longer relevant information damages comprehension processes and the 
construction of a coherent text representation.   
We will not discuss the correlations between the constructs in more detail as they are represented and 
better described using structural equations modeling (SEM), which allows the combination of 
multivariate structural models of cognitive abilities, and the possibility of examining their 
developmental dynamics by including age as a variable into the model.  
Confirmatory factor analyses were carried out in order to verify the construct-generality of reading 
comprehension, working memory, inhibition and processing speed. The latent variables for reading 
comprehension, working memory and processing speed were easy to define; this was not the case for 
inhibition. It is worth noting that neither a model postulating a single inhibitory factor, including all 
the inhibition/interference measures loading on it, nor a model defining two separate, but correlated 
inhibitory factors, representing the deletion and restriction measures of inhibition respectively, 
provided an adequate or acceptable fit.  
When the age variable was included to evaluate whether age had an effect on the latent variables, the 
model was not acceptable especially for the indicators of the restriction function of inhibition. Hence, 
we decided to drop the restriction variables. Similar difficulties were encountered in other studies in 
defining an inhibitory factor (Park et al., 1996; Salthouse & Meinz, 1995; de Ribaupierre, 2001). The 
present findings provide additional evidence in favor of multiple specific inhibitory mechanisms, 
rather than a general one. 
When we examined reading comprehension, a model with two independent factors for the text 
presentation condition showed a better fit than a single general factor. The acceptable fit of these two 
factors were confirmed when age was inserted.  
The latter is very important because it confirms the importance of dissociating the comprehension 
demands within a reading comprehension paradigm. The two reading comprehension factors were 
correlated because they both measure reading comprehension skills, but while one represents 
comprehension per se, the other represents memory for text. Therefore, reading comprehension seems 
better characterized as being made up of “specific”, but related “processes”. At a more general level, 
this finding clarifies the divergent results and the related debate found in aging studies, which shows 
that when comprehension per se (De Beni et al., 2003; De Beni et al., in press; Radvansky et al., 2003; 
Ehrlich et al., 1994) is measured, comprehension skills are similar between young and older adults. 
However, when recall or memory for text is required, reading comprehension performance is poorer in 
elderly participants (Kemper, 1992; Hartley, 1986).  
Before assessing the role of age, in the comprehension per se, and in the memory for text, we 
examined the relationship between working memory, inhibition, processing speed and age.  





SEM results showed that both inhibition and processing speed mediated age-related differences in 
working memory in both age samples. Contrary to Van der Linden (Van der Linden et al., 1999), the 
direct path between age and working memory was not significant. However, it is important to note that 
in the Van der Linden et al. study, the “working memory” latent variable was differently defined. It 
was built using a global score of the classical Reading Span test (see experiment one of Daneman & 
Carpenter, 1980) and a score in an updating task. In the classical Reading Span test of Daneman and 
Carpenter (1980) participants had to read aloud sentences while remembering the last word of each 
sentence for later recall. Such a procedure can, thereby, allow participants to adopt a strategy of 
focusing on the final words without devoting much attention to reading sentences. Thus, the direct 
path between age and working memory can be due to this particular procedure that favor strategic 
readers, that is young adults. In contrast, we believe that working memory tasks have to force working 
memory storage in face of processing in order to engage executive attention processes. Furthermore, 
the working memory latent variable in the van der Linden study was defined by an updating task. In 
our vision, the updating function goes behind the simple maintenance of task-relevant information by 
requiring a dynamic manipulation of the content of working memory, and hence it can broadly be 
considered as an executive function (Miyake et al., 2000). 
 
Although the values obtained, in the present study, for the two age samples were different, inhibition 
and processing speed accounted for most of the age-related variance in working memory. This finding 
confirms the role of processing speed in mediating age differences in working memory capacity during 
development (e.g., Kail & Park, 1992; Kail, 1993) and in aging (e.g., Salthouse, 1985; de Ribaupierre 
et al., 2004). Moreover, the strong path between age and processing speed, for both age samples, 
points toward the hypothetical developmental curve proposed by Baltes for fluid intelligence. 
According to this proposition, all mechanic abilities, in particular processing speed, increase in 
efficacy during childhood and decrease in aging.  
The models proposed by de Ribaupierre (2001), and Park et al. (1996) also found that the effect of age 
on working memory was mediated by processing speed.  
The mediating function of inhibition found in our study is consistent with the hypotheses put forward 
by Bjorklund and Harnishfeger (1995), and Hasher and Zacks (1988), which assume that, because of 
the reduced efficiency of attentional inhibitory mechanisms, children and older adults have a greater 
difficulty in regulating the content of working memory, particularly because they are less able to 
suppress irrelevant information in working memory. If irrelevant information is not well 
controlled/inhibited, it may disturb successful working memory recall of relevant information (Engle 
et al., 1999; Conway & Engle, 1994). Children and older adults performance is particularly poor when 
information that was initially relevant then becomes irrelevant, as shown by the fact that the deletion 
latent variable but not the restriction one could be defined. This result indicates that age differences in 
working memory performance are due to the ability to control activated information.  





The restriction latent variable, however, could not be defined. Thus, our results do not support the 
existence of age differences in the ability to prevent irrelevant information from entering the current 
stream of processing. The nature of this construct needs to be clarified, as well as its changes with 
regards to age. As de Ribaupierre (2001) suggested, although this construct may be considered a 
mediating variable in development and in aging, it may be less of a general nature than processing 
speed and working memory.  
Contrary to us, de Ribaupierre (2001) was “able” to define an inhibitory construct characterized by 
three inhibitory measures (the Stroop interference position and color, and the intrusion in proactive 
interference) that indexed the restriction and deletion functions of inhibition.  
de Ribaupierre showed that, as in the present study, the best fit model predicts age differences in 
working memory as mediated by speed processing and inhibition. This result confirms the assumption 
that changes in working memory are accounted for by an increase in the quantity of information that 
can be processed, both because it is processed more rapidly (Case, 1985), and because the amount of 
off- goal information present in working memory decreases (Engle, 2002; Pascual-Leone, 1983).  
Next we added comprehension and memory for text to the SEM. The best-fit model postulated that all 
significant relationships between age, and both comprehension and memory for text, were mediated by 
working memory. Age, deletion, and processing speed all had an indirect effect on comprehension and 
memory for text; their effect was mediated through working memory. Thus, age differences in 
comprehension and memory for text were explained by a poorer working memory. In both age 
samples, the age-related reduction of the deletion mechanisms of inhibition, and the speed of 
processing information, due to developmental changes, were related to a poorer working memory and, 
consequently, to worst performance in both comprehension and memory for text. 
Our model partially agrees with Van der Linden’s model, because it attributes the primary account of 
reading comprehension to working memory. In addition,, it clearly refutes Kwong-See and Ryan’s 
(1995) findings. Kwong-See and Ryan suggested that working memory only plays a marginal role in 
reading comprehension, as compared to inhibition and processing speed. We tried to replicate their 
model, in order to reject it, but we found that the paths from speed and/or inhibition to both of the 
latent comprehension and memory for text latent variables were not significant.  
As in our model, DeDe et al. (2004) also observed that the effect of age on reading comprehension 
was mediated by working memory. Unfortunately, they did not include inhibitory and processing 
speed measures, and they stated that “the relations between general functions and different aspects of 
comprehension require studies that include measures of different aspects of language processing in a 
model with measures of working memory, processing speed, and inhibition…”. 
At a general architectural level, we need to point out that our best-fit model was applicable to both age 
groups. However, the similarity between the young and the adult best-fit model is not informative on 





the equivalence of constructs, in terms of both the observations by which they are measured and of 
their relationships. 
It was therefore necessary to show measurement invariance across groups. In order to verify that the 
constructs studied were invariant across the different groups, factorial structural invariance across age 
groups has been tested. If the configural invariance is not maintained, then the pattern of factors may 
be different across groups. Multigroup analyses showed that invariance of factors was maintained 
between young and adult groups, with similar factor loadings. Thus, a common factor model 
adequately represented reading comprehension, working memory, inhibition, and processing speed . It 
was further similarly described by the cognitive measures used. However, subsequent restrictive 
analyses revealed that the relations between constructs were different, except for the relationships 
between inhibition and working memory. Clearly, many variables (and related constructs) differ as a 
function of age. Hence, one cannot generally expect that the factor structure for different age groups to 
be completely invariant even if the same underlying model aptly captures the structure of the variables 
(Hertzog & Nesselroade, 2003), for weight of these factors varies according to age and to individual 
differences. 
 Overall, our findings suggest that although the same processes are available at different ages, and 
adequately explain reading comprehension performance, these processes appear to operate in different 
ways across the lifespan.  
 
Although the present study contributes to the understanding of changes in reading comprehension 
across the lifespan, further investigation is needed.  
Indeed, our study suffers from using only two indicators to define each of the latent variables for 
working memory and processing speed. Future studies will need to use more measures to define these 
latent variables, in order to verify their role and their generality. Which empirical variables are chosen, 
and how well they represent the latent variables of interest, is critical to the validity of the design.  
It would be, hence, particularly interesting to do a more detailed analysis of age differences in reading 
comprehension, and of the general factors involved in it, using continuous age groups. 
Better understanding of the development of reading comprehension could also be achieved by using a 
longitudinal design similar to the one used by Hultsch and colleagues (Hultsch et al., 1992), in order to 
examine individual trends and cohort effect.  
 
In addition, despite the apparent simplicity of the processing speed tasks we proposed, they may have 
called upon other cognitive processes (attention and/or memory) that have not yet been fully assessed. 
This could explain the importance of processing speed as accounting for the age-related variance in 
working memory. Other factors that change with age may also be responsible for the relationship 
between processing rates and memory span (see, Cowan, 1997; Kail, 1992b). So far no explanation 





has been proposed, other than a biological one, to account for individual differences or age differences 
in processing speed.  
Some studies have, for example, proposed a taxonomy of processing speed tasks (see Babcock, 1994; 
Ackerman et al., 2002; McCabe & Hartman, 2003) in order to understand the role of processing speed 
in cognitive aging. The procedure we used did not permit to dissociate processing speed from rate of 
errors in processing speed tasks. Using a processing speed task that only measures this ability would 
limit a possible trade-off between speed and accuracy.  
 
In the present study, we adopted a multivariate design in which we considered the major processes 
proposed in literature to account for age differences in reading comprehension performance. Our aim 
was to clarify the role of these processes in comprehension for text and in memory for text. Altogether 
our results show that age differences were significant in all tasks, expect for the ones providing 
inhibitory measures. In particular, the effect of age was larger for processing speed and working 
memory, than for inhibition. With respect to reading comprehension, the central issue of the present 
work, though age differences were observed, they were more important when text were presented 
under a memory load than when comprehension per se was measured. This was especially the case 
when older adults were compared to young. In fact, dissociating comprehension per se from memory 
for text allowed to point out that reading comprehension abilities seem preserved in young-old adults 
but not in old-old. This finding supports the vision of development as a dynamic interplay not only 
between losses but gains too. Young-old adults appear to compensate for general resource decline by 
devoting their resources to situation model processing that at this period of life is certainly more 
important than the “textbase” level. This outcome can have also important clinical implications, as 
most neuropsychological test batteries for older adults measure reading comprehension with memory 
for text tasks. Thus, and based on our findings, it seems important that clinicians keep in mind that the 
performance obtained is not a proper measure of reading comprehension per se, but rather an 
evaluation of these skills under memory constraints. In contrast old-old adults comprehension was also 
hampered when comprehension per se was required.  
 
Our concern was not limited to demonstrating the presence or absence of age differences in the 
constructs of interest. The multivariate results supported the generality of the constructs investigated in 
driving cognitive change with age from childhood to late adulthood in reading comprehension 
abilities. However, the generality of inhibition still needs to be clarified. Even though a latent variable 
for inhibition could be defined, it was almost fully represented by intrusions errors rather than by more 
robust or classical inhibitory measures, such as Negative Priming or Stroop interference.  
In the same vein, the two factors model for comprehension for text and memory for text suggested that 
reading comprehension per se and text recall are not synonymous of a same general construct: reading 
comprehension. For many years, studies on reading comprehension in children have focused on lower 





level processes (decoding skills) as determinant of a successful comprehension. Only relatively 
recently, has research switched to the role of working memory and inhibition as determinants of 
reading comprehension development. Hence, we believe that our results could promote the vision of 
reading comprehension tasks as measuring different abilities depending on whether comprehension 
per se or memory for text are taken into account.  
Furthermore, multivariate findings emphasized the importance of not considering working memory, 
inhibition and processing speed as independent factors that could explain reading comprehension 
skills. Rather, these constructs need to be represented as interdependent factors. Indeed, a model with 
the same architecture fits the data for the young sample (children and young adult) and the adult one 
(young adults and older adults). Thus, although general mechanisms account for cognitive change with 
age in complex cognition, specifically reading comprehension, the interplay between these constructs 
varies with age, as multigroup analyses indicated.  
To summarize, findings from our study contribute to the understanding of the changes occurring in 
reading comprehension “from childhood to late adulthood”, considering the role of working memory, 
inhibition and processing speed. Therefore our results are in line with a multidirectional and 
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A.1. DEMOGRAPHIC STATISTICS FOR THE CHILDREN SAMPLE 
Table A.1. Children sample composition. Comparison of origin, social class and gender 
(values represent percentages) with the statistic yearbook of Geneva’s Public and Private 
Education. 
 Present Study Geneva educational statistics yearbook 
Origin    
  Switzerland 73 61 
  Europe 27 22 
  Others - 17 
Social-class   
  Higher managerial occupations1 33 19 
  Lower managerial/intermediate 2 33 33 
  Small employers 3 12 8 
  Workers (lower supervisory and craft) 4 20 33 
  Never worked 5 2 7 
Gender   
  Female  50 49 















                                                 
1 Company directors, Police Inspectors, Bank Managers, Senior Civil Servants, Military Officers; Doctor, Barrister, Solicitor, Clergy, 
Librarian, Teacher. 
 
2 Nurses and midwives. Journalists, Actors, Prison Officers, Police and Soldiers (below NCO); Clerks, Secretaries, Driving Instructors, 
Computer Operator. 
 
3 Publicans, Farmers, Play group leader, Window cleaner, Painter and Decorator. 
 
4 Printers, Plumbers, Butchers, Bus Inspectors, TV engineers, Train drivers; Shop assistant, Traffic Warden, Cook, Bus drivers, Hairdressers, 
Postal workers; Waiters, road sweepers, Cleaners, Couriers, Building labourers, Refuse collectors. 
 
5 Long-term unemployed and non-workers. 
 







A.2. NUMBER OF PARTICIPANTS BY TASK 
Table A.2. Number of participants for each age group and tasks 
 Children Young adults Elderly adults 
 10 yo* 11 yo 12 yo Young A Young B Young –old Old-old 
Reading comprehension        
 Experimental reading comprehension task        
  Reading times  18 18 24 47 47 62 55 
  Response times  5 6 6 36 33 29 25 
  Answers  18 18 24 47 47 62 55 
 Nelson-Denny Test 18 18 24 47 47 62 55 
 Orlec L4 Test 18 18 24 47 47 62 55 
Working memory         
 Reading Span Test         
  Semantic judgment  11 11 16 46 45 57 52 
  Reading span judgment  11 11 16 46 45 57 52 
  Words recalled  18 18 24 47 47 62 55 
 Matrices         
  Simple words 18 18 24 47 47 62 55 
  Simple positions 18 18 24 47 47 62 55 
  Double  18 18 24 47 47 62 55 
Inhibition        
 Stroop Color  18 18 24 47 47 61 53 
 Hayling        
  Correct answers 18 18 24 47 46 62 54 
  Response times   18 15 21 45 46 58 49 
 Directed Forgetting  18 18 24 47 47 62 55 
Control tasks        
 Processing Speed Letter 18 18 24 46 47 61 55 
 Processing Speed Patterns  18 18 24 47 47 62 55 
 Reading Speed  18 18 24 46 46 60 54 
 Raven  18 18 24 47 47 62 55 
 Verbal Fluency  18 18 24 47 47 61 55 
• yo = year-olds 
 
The reduction in the number of valid data available by age group in the different tasks concerned only 
tasks in which response latencies were recorded. This was due to technical problems (hardware 
problems, microphone recording failures, missing protocols) and to data cleaning criteria especially 












A.3. YOUNG ADULTS SUB-SAMPLES 
In this section means, standard deviations, and analysis of variance (ANOVA) for the effects of group 
on the measures of interest to assess the equivalence of the subgroups of young adults (Young A and 
B) are presented in Table A.3.  
Table A.3. Descriptive statistics and Analysis of Variance (ANOVA) Statistics by sub-sample A 
and B for young adults.  
 Young A  Young B ANOVA 
 M SD M SD p 
Age  22.87 2.82 23.68 3.35 .30 
Gender 1.17 .37 1.14 .35 .78 
Reading comprehension      
 Experimental reading comprehension task      
  TC det  .90 .09 .91 .09 .48 
    TC inf  .14 .13 .79 .12 .70 
   MT det  .80 .15 .85 .12 .13 
   MT inf .74 .15 .73 .15 .90 
 Nelson-Denny Test 18.80 2.45 19.61 2.79 .14 
Working memory       
 Reading Span Test       
   Words recalled  2.95 .39 2.98 .32 .68 
 Matrices       
   Simple words 4.00 .58 4.06 3.01 .89 
   Simple positions 2.99 .69 3.08 .91 .59 
   Double  2.57 .48 2.50 .57 .52 
Inhibition      
 Stroop Color       
   Int .21 .12 .20 .12 .68 
   Np .00 .06 .04 .06 .05 
   Congr .07 .09 .06 .08 .7 
 Hayling      
   Corr -.12 .10 -.10 .11 .35 
   Tr   1.13 .53 1.12 .58 .93 
Directed Forgetting      
   Df_ben .29 .55 .25 .45 .69 
Control tasks      
 Processing Speed Letter 106.00 25.14 91.06 19.45 .73 
 Processing Speed Patterns  104.27 24.70 85.25 17.29 .13 
 Reading Speed  4.23 1.35 4.26 .94 .80 
 Raven  51.23 4.49 50.46 6.70 .36 
 Verbal Fluency       
   M letter  30.59 8.02 31.70 6.99 .77 
   D letter 32.31 10.19 28.38 9.72 .07 
Mill-Hill, Vocabulary 36.38 2.82 36.19 3.35 .76 
Experimental Reading Comprehension (Experimental Reading Comprehension task). TCdet: mean 
number of errors for detail questions in the comprehension for text condition; TCinf:  mean number of 
errors for inferential questions in the comprehension for text condition; MTdet: mean number of errors for 






detail questions in the memory for text condition; MTinf: mean number of errors for inferential questions 
in the memory for text condition; Rc: mean number of correct answers. 
Reading span: mean number of correct words recalled in the Reading Span test. 
Matrices simple words: mean number of correct words. Matrices simple position: mean number of 
positions. Double: mean number of associations words/positions in the Double Verbal Matrices test. 
Stroop Color. Int: mean index of negative priming in the Stroop Color task; Np: mean index of negative 
priming in the Stroop Color task; Cong: mean index of congruency in the Stroop Color task.  
Hayling. Corr: mean index on correct completion in the Hayling test; Tr: mean index on response 
latencies in the Hayling test. 
Directed Forgetting: Df_ben: mean benefit index in the Directed Forgetting; 
Processing speed. Pattern = mean time in the pattern comparison: Letter = mean time in the letter 
comparison.  
Reading Speed: mean number of words read in one sec..  
Raven: mean score realized after 20 min..  
Verbal Fluency. M and D: mean number of words of M and D words produced.  






Results indicated that the two sub-groups of young adults are nearly identical in all the measures. 
 
 























A.4. CONTROL TASKS 
In this section results of the control tasks are presented. These tests, as mentioned in the method 
section, were used to check for the adequacy of the sample with respect to the literature data6.  
Moreover, word-decoding tasks were administered to the sample of children, to exclude decoding or 
reading problems, which would then have affected the interpretation of results obtained from the 
experimental reading comprehension tasks. The latter are presented in the second part of this section. 
 
A.4.I. PROCESSING SPEED TESTS: PATTERN AND LETTER 
COMPARISON TESTS 
Means, standard deviations for the total time to complete the two pages and the total number of errors 
for the letters and patterns comparison tasks, by age group, are displayed in Table A.4. Reliability 
values for the total completion time for the two processing speed tasks are also presented in Table A.4. 
Univariate analyses of variance were conducted to examine the effect of age on the total time and 
errors for the letter and pattern comparison. Results are summarized in Figure 1 and 2.  
 
Table A.4. Processing speed tasks: Descriptive Statistics (means, standard deviations, reliability 
values –Spearman-Brown correction) for the total completion time and errors in the two pages 
for the letter and pattern comparison tests by age group. 
 Letter comparison Pattern comparison 
 Completion time Errors Completion time Errors 
 M SD Reliability M DS M SD Reliability M DS 
10 yo 171.66 36.78 .90 4 2.49 133.72 23.79 .83 3.94 2.81 
11 yo 140.16 47.45 .95 5.44 2.45 123.33 33.47 .88 2.94 2.04 
12 yo 145.29 36.58 .93 3.87 2.80 111.37 22.43 .90 2.79 1.95 
Young A 106.00 25.14 .94 3.23 2.47 91.06 19.45 .92 2.12 2.31 
Young B 104.27 24.79 .95 3.61 2.41 85.25 17.29 .92 2.80 2.56 
Young-old 154.85 37.78 .89 2.64 2.49 131.14 39.37 .92 3.04 2.58 
Old-old 167.07 35.87 .92 3.32 2.53 138.14 40.55 .90 3.76 3.55 
All   .94     .93   
 
Children (10 to 12 year-olds). 
The main effect of age was significant only for the pattern comparison total time, F(2, 57) = 3.68, p < 
.05, ηp2 = .12. Tukey’s post-hoc showed that the mean difference between the 10 and 12 year-olds was 
significant (Mdiff = 22.34, p < .05): 12 year-old children had a shorter completion time in both the 
processing speed tasks.  
No main effect of age was found on the total number of errors for both the tasks. 
 
                                                 
6 The processing speed measures, though firstly conceived as control, were also included in the multivariate analyses (see Chapter 7). 
 






Young adults (A) and Children  
The main effect of age was significant for the total time both in the letter, F(1, 105) = 50.10, p < .001, 
ηp2 = .32, and in the pattern, F(1, 105) = 41.21, p < .001, ηp2 = .28, comparison. 
A main effect of age emerged also on the total number of errors only for the letter comparison, F(1, 
105) = 5.54, p < .05, ηp2 = .05, but not for the pattern comparison.  
Young adults were quicker than children in both the letter (Mdiff = -99.92, p < .001) and the pattern 
(Mdiff = -75.17, p < .001) comparison; they were also more accurate than children in the letter 
comparison (Mdiff = -1.05, p < .05).  
 
Young (B) and Older adults  
The main effect of age for total time on letter, F(2, 161) = 48.20, p < .001, ηp2 = .38, and pattern 
comparison, F(2, 161) = 36.41, p < .001, ηp2 = .31, was significant.  
Dunnett’s T3 indicated that the group of young was quicker to complete the letter comparison than the 
young-old (Mdiff = -50.57, p < .001) and the old-old (Mdiff = -62.79, p < .001). Moreover the young 
were more rapid in the pattern comparison than the young-old (Mdiff = -46.61, p < .001) and old-old 
(Mdiff = -52.89, p < .001).  
Though the young were significantly quicker than older participants in the total time to complete both 
the letter and pattern comparisons, no significant difference were found in the number of errors. 
 
Results showed developmental differences in terms of an increase in the speed of processing within 
the children group: the 12 year-old children were quicker than the 10 year-olds (see Figure 1). Age 
differences favoring young adults emerged in the comparison with children that were slower in the 
completion time for the two tasks. In line with the literature results, an age-related decline in the 
processing speed was found: the two groups of elderly showed longer completion time than the young 
in both the processing speed tasks.  
Furthermore, an increase in the speed of processing was not associated with an increase in the rate of 
errors.  
Nevertheless in the letter comparison task, children committed a significantly higher number of errors 
than young adults, the effect size was almost null (.05), and no age differences were present in the 



















































































Figure 1. Children Sample Mean completion time (in ms) for the letter and pattern comparison 
by age group. Error bars represent SD. 
Figure 2. Mean number of errors for the letter and pattern comparison by age group. Error 
bars represent SD. 







A.4.II. READING SPEED TEST 
Means, standard deviations for the mean number of words read in one sec. are displayed in Table A.5.  
Univariate analyses of variance (ANOVA) were conducted to examine the effect of age on the mean 
number of words read in one sec.  
Table A.5. Reading speed: Descriptive 
Statistics (means and standard 
deviations) for the mean number of 
words read in one sec. by age group. 
            M        SD 
10 yo 2.45 .67 
11 yo 2.42 .73 
12 yo 2.86 .92 
Young A 4.32 1.35 
Young B 4.26 .94 
Young-old 4.04 1.01 
Old-old 4.22 1.59 
 
Children (10- to 12- year-olds).  
The main effect of age on the mean number of words read was not significant (see Figure 3). 
 



































Young (A) and Children 
Significant age differences favoring the young on the mean number of words read in one sec. were 
obtained, F(1, 104) = 66.33, p < .001, ηp2 = .39. Young read a higher number (Mdiff = 1.72, p < .001) 
of words per sec. than children. Results are summarized in Figure 4. 
Figure 4. Children Sample Mean number of words read in one sec. Error bars represent SD. 
 
Young (B) and Older adults  
The main effect of age on the mean number of words read in one sec was not significant (see Figure 
5).  
Figure 5. Children Sample Mean number of words read in one sec. Error bars represent SD. 
 
No developmental differences are present in the reading speed measured with the number of words 
read in one second between the 10 to 12 year-old children. Results showed an increase in the reading 
speed from childhood to adulthood and then maintenance of this ability with age. 7 
                                                 

























































4.II.a RAVEN TEST (PM38) 
Means, standard deviations, reliability coefficients (Cronbach’s alpha) for the effect of age on the total 
scores realized in 20 min. are displayed in Table A.6. Results are summarized in Figure 6. 
Table A.6. Raven Test: Descriptive Statistics 
(means and standard deviations) for Raven score 
obtained in 20 min. by age groups. 
 M SD Reliability Cronbach α 
10 yo 32.50 6.61 .80 
11 yo 37.83 7.12 .70 
12 yo 39.91 6.16 .76 
Young A 51.53 4.49 .62 
Young B 50.46 6.70 .66 
Young-old 38.87 7.72 .78 
Old-old 35.49 7.72 .83 
All   .84 
 
Children (10- to 12- year-olds). 
The main effect of age, F(2, 57) = 6.67, p < .002, ηp2  = .19, was significant. Tukey’s post-hoc 
revealed that the mean difference between the 10 year-olds and the 11 year-olds was significant, 
(Mdiff = -5.33, p < .05), as was the mean difference between the 10 and 12 year-olds (Mdiff = -7.41, p 
< .01). 
 
Young (A) and Children 
The main effect of age, F(1, 105) = 141.63, p < .001, ηp2 = .57, was significant, favoring young adults 
(young: M = 51.36, SD = 4.49; children: M = 37.06, SD = 7.20). 
 
Young (B) and Older adults  
Significant age differences favoring the young adults respect to the two groups of older participants 
were obtained, F(2, 161) = 51.34, p < .001, ηp2 = .39. Postcomparisons using Dunnett’s T3 revealed 
that the mean difference between the young and the young-old (Mdiff = 11.59, p < .001) was 
significant as was the difference between the young and old-old (Mdiff = 14.97, p < .001). Young-old 
and old-old did not differ. 
 
Results showed age differences between the young and the children and between the young and the 
two groups of elderly in the Raven score (see Figure 6). Moreover, developmental differences in terms 
of an improvement in the fluid intelligence as measured by the Raven scores, favoring the 12 year-old 
children compared the 10 and 11 year-olds, were observed.  










A.4.III. VERBAL FLUENCY  
Means, standard deviations for the total number of M and D words (correct, wrong and repeated) 
produced by age groups are displayed in Table A.7.  
Table A.7. Verbal Fluency: Descriptive Statistics (means and standard deviations) for the 
M and the D total words produced (correct, repeated, errors) by age group. 
 M letter D letter 
 Correct words Errors Repetition Correct words Errors Repetition 
 M  SD M SD M SD M DS  M SD M SD 
10 yo 19.16 9.73 .16 .38 .27 .57 16.27 7.52 .66 1.08 .11 .32 
11 yo 16.94 4.42 .88 1.8 .44 .61 13.94 4.82 1.05 2.43 .27 .75 
12 yo 18.41 7.51 1.41 3.5 .33 .56 15.95 6.11 .87 2.64 .41 .92 
Young A 30.59 8.02 .23 .59 .29 .54 32.31 10.19 .29 .74 .57 1.01 
Young B 31.70 6.99 .25 .56 .44 .61 .31 9.72 .36 .67 .51 .88 
Young-old  32.60 8.61 .16 .45 .55 .86 26.96 7.88 .22 .58 .63 1.30 
Old-old  34.6 10.19 .20 .67 .47 .89 29.70 9.91 .25 .64 .60 1.10 
 
Children (10- to 12- years olds). 
No age differences emerged between the three groups of children on verbal fluency measures 
considered.  
 
Young (A) and Children 
The main effect of age was significant both for the total number of words correctly produced starting 
with the M, F(1, 105) = 68.00, p < .001, ηp2 = .39, and the D letter, F(1, 105) = 111.55, p < .001, ηp2 = 
.51. Indeed, young produced more correct words than children for both letters (M: Mdiff = 16.86, p < 
.001; D: Mdiff = 12.36, p < .001). 
 



























Young (B) and Older adults  
No age differences emerged between the young and older adults for the verbal fluency measures. 
 
Results did not show an increase in the verbal fluency between 10 to 12 year-olds. Moreover, age-
related differences were observed between the young and the group of children who produced fewer 
correct words starting with the M and D letters. As expected the comparison between young and 
elderly showed maintenance of this competency with age (see Figures 7, and 8). Moreover, neither the 
children nor the older adults produce more wrong words or repetitions than the young adults (see 















Altogether the results on control tasks variables highlighted developmental differences in the 
processing speed and in fluid intelligence, measured by the Raven score. Hence, the increase in 
processing speed tasks (measured in terms of perceptual comparison speed) and fluid intelligence in 
children and their decrease with aging is consistent with the numerous studies reported in the literature 
on these abilities.  
Furthermore, as expected, results indicated an increase from childhood to adulthood in the verbal 




Figure 7. Verbal Fleuncy: Mean 
number of correct, wrong and 
repeated words produced for the M 
letter by age group. Error bars 
represent SD. 
 
Figure 8. Verbal Fluency: Mean 
number of correct, wrong and 
repeated words produced for the D 



















































A.4.IV. READING CONTROL TASK: WORD DECODING 
Means, standard deviations and analysis of variance (ANOVA) statistics for the effect of age (10- to -
12 year-olds) on the dependent variables of the One-Minute test (LUM index), the Irregular words and 
Pseudo words reading tests part of the Belec battery (the percentage of irregular words and pseudo 
words correctly read) are displayed in Table A.8.  
Table A.8. Descriptive Statistics (means and standard deviations) 
and Analysis of Variance (ANOVA) Statistics for words decoding 
variables (Lum Index -proportion; proportion of correct irregular 
words and pseudo-words).  
 10 yo 11 yo 12 yo   



















        
.93 .05 .95 .05 .97 .03 3.51* .11 
Belec 
Irregular word 
Pseudo-words .92 .05 .92 .05 .96 .03 4.12* .13 




4.IV.a ONE MINUTE TEST: LUM INDEX  
There was a main effect of age on the LUM index, F(2, 57) = 3.25, p < .05, ηp = .10. Post-hoc 
comparisons using the Tukey’s revealed that the mean difference between the 10 and the 12 year-old 
children was significant (Mdiff = -.10, p = .04). The 11 year-old children did not differ from the 10 and 
the 12 year-old children (see Figure 9).  
 
 
4.IV.b  IRREGULAR WORD AND PSEUDO-WORD READING TESTS 
There was a main effect of age on the total number of irregular word read, F (2, 57) = 3.51, p < .03, 
ηp2 = .11. Tukey’s post-hoc analyses yielded significant age differences between the 12 and the 10 
year-olds children (Mdiff = 3.49, p = .03).  
Age differences on the percentage of pseudo-words correctly read were significant across age groups, 
F (2, 57) = 4.12, p < .05, ηp2 = .12 (see Figure 9). Nevertheless postcomparisons using the Dunnett’s 
T3 did not show significant mean differences in this variable across the three age groups. 








Figure 9. Children Sample Word decoding tasks: Proportion of correct words read by age group. 
Error bars represent SD. 
 
 
To evaluate the decoding skills, or more globally the reading adequacy, of the sample of children of 
this study, their scores were compared with normative scores given by the One-Minute and Belec 
manuals (see Table A.9, and Table A.10).  
The 10 and 11 year-old children performance in LUM index was significantly above the normative 
control scores (t = 5.00, df = 163, p < .001; t = 2.85, df = 110, p < .001, respectively). No difference 
was found in the comparison between the 12 years-old children and the normative control scores (p = 
.59). The overall reading level of this sample of children corresponds to “very strong”8, according to a 
research conducted in 1976 by Sadin – Essai d’adaptation du One-Minute Test. 
The comparison on the mean number of irregular words read and the normative scores showed that the 
10- to 12-year-old children performed above the norms (t = 13.61, df = 28, p < .001; t = 5.87, df = 28, 
p < .001; t = 12.03, df = 34, p < .001 respectively). 
The comparison on the percentage of pseudo words correctly read showed that the 10 and 11 year-olds 
did not differ from normative scores; whereas the 12 year-olds children performed above the norms (t 
= 10.82, df = 34, p < .001).  
 
Table A.9. LMC_R Battery: Descriptive Statistics 
(means and standard deviations) for the Lum Index –







 M SD M SD M SD 




                                                 
8 This research gives five reading levels (from very weak to very strong). 




















Table A.10. Belec Battery: Descriptive Statistics 
(means and standard deviations) for the proportion 







The comparison with normative scores showed that the 10- to 12-year-old children had an appropriate 
reading accuracy. Furthermore, results showed developmental differences in the reading accuracy 
between the 10 and 12 year-olds (see Figure 9): this last group reached higher scores than the 10 year-
old children.  
 
The results of the analyses conducted on the variables assessing decoding skills revealed an increase in 
reading pseudo, irregular words and decoding skills from the age of 10 to the age of 12, as expected. 
Furthermore, the results obtained with normative scores comparisons, supported the conclusion in 
favor of the absence of reading problems in this sample of children selected, as they were even in the 
high range of scores.  
 3ème n =12 
5ème 
n =12 
 M SD M SD 
Pseudo-words .92 .10 .91 .80 
Irregular words .77 .11 .89 .12 




















A.5. EXPERIMENTAL READING COMPREHENSION TASK 
In this section analyses on the overall global reading comprehension performance in the Experimental 
Reading Comprehension task are presented. Even though all the analyses conducted in this task 
concerned errors, we decided to present results on the total proportion of correct answers to better 
represent age-related changes in reading comprehension abilities and to avoid redundancies as the 
pattern of results between the correct answers and errors did not differ (for information purpose see 
Chapter 6)9.  
 
A.5.I. PROPORTION OF CORRECT ANSWERS 
Means, standard deviations for each age group for the mean proportion of correct answers and errors 
are presented in Table A.11. 
 
Table A.11. Experimental Reading 
Comprehension task: proportion of correct 
answers and errors (means and standard 
deviations) by age group. 
        Correct Errors 
10 yo M .68 .32 
 SD .11 .11 
11 yo M .72 .28 
 SD .08 .08 
12 yo M .77 .23 
 SD .10 .09 
Children M .77 .53 
 SD .20 .21 
Young A M .84 .16 
 SD .10 .10 
Young B M .83 .17 
 SD .07 .07 
Young-old M .78 .22 
 SD .08 .08 
Old-old M .71 .29 
 SD .12 .13 
 
Univariate analyses of variance were conducted to examine the effect of age on the total proportion of 
correct answers (independently of the text presentation condition and the type of questions). Results 
are graphically summarized in Figure 10. 
 
 
                                                 
9 The number of partially correct responses (answers not completely correct but not wrong, see Table A.22 for examples), was indeed, very 
limited.  







Children (10- to 12- year-olds). 
The main effect of age was significant, F (2, 57) = 4.91, p < .05, ηp2 = .15. Ten year-old children 
committed significantly more errors than 12 year-olds (Mdiff = .09, p <. 001). 
 
Young A and Children 
Results showed a main effect of age, F (1, 105) = 6.36, p < .05, ηp2 = .08. Young adults produced a 
higher proportion of correct answers than children.  
 
Young B and Older Adults  
The main effect of age was significant, F (2, 161) = 18.61, p < .001, ηp2 = .19. Dunnett’s T3 post-hoc 
analyses indicated that young produced a higher proportion of correct answers than young-old (Mdiff 
= .05, p <. 01) and old-old (Mdiff = .11, p <. 001). In addition, young-old reached a higher 
comprehension performance than the old-old (Mdiff = .06, p <. 05). 
 
 
ANCOVA analysis conducted with vocabulary as a covariate had a significant effect, F (1, 160) = 
13.65, p < .001, ηp2 = .08. The vocabulary level directly influenced the comprehension performance 
(see Figure 10) - β = .008, p < .001. Indeed the main effect of age increased in strength, F (2, 160) = 
26.16, p < .001, ηp2 = .25.  
Figure 10. Experimental Reading Comprehension task: proportion of correct answers and estimated 
means for the proportion of correct by age group. 
 
 
Reading comprehension abilities showed developmental differences with an increase in the 
comprehension score from the ten to twelve year olds and a linear decline in aging. The hypothesis of 
an equivalent comprehension performance between the young and the young-old was not confirmed. 
Indeed, it is important to remember that this global score included comprehension per se but also the 






memory constraints condition. In the comprehension condition the young-old adults performed as the 
young, as the results show. On the contrary a clear decline of comprehension skills appeared for the 
old-old group independent of the text presentation condition.  
As ANCOVA analyses suggested, the level of vocabulary seems to play a crucial role in the 
maintenance of comprehension skills in late adulthood in particular in the young-old group. 
 







A.6. ADDITIONAL READING COMPREHENSION TASKS 
Two groups of young adults (18-35 years of age) took part in the two supplementary tasks described in 
the method section, respectively the Text Difficulty Study and Inference Utility Study. 
Young adults were undergraduates of the Faculty of Psychology and Educational Sciences at the 
University of Geneva (Switzerland).  
Participants were screened for fluency in French, and only participants who spoke French as a first 
language or those who had been in a French educational setting since 3 years at least were included.  
Descriptive statistics for the demographic variables of the two groups considered are provided in Table 
A.12.  
Table A.12. Sample characteristics: gender, age (means and standard 
deviations) by type of study (Text difficulty; Inference utility). 
  Gender a  Age  
 N Female Male M SD 
Study      
Text difficulty 35 83 17 22.77 4.43 
Inference utility 29 90 10 22.14 4.22 
Note: a values represent percentages. 
 
 
A.6.I. TEXT DIFFICULTY TASK 
As has previously been explained (see the material section), only the judgments on text difficulty 
corresponding to a correct comprehension of the texts were considered. As a very limited number of 
participants responded correctly to the questions without making any errors (14%) the decision to 
accept judgment of participants that made at maximum of one error (48%) was taken.  
The weighed average of frequency was computed on the text judgments. 
Descriptive statistics on judgment frequency for text difficulty are displayed in the Figure 11. 
 
Figure 11. Text difficulty task: frequency of text difficulty judgment. 
 






These results are only descriptive and must be taken with caution because of the limited number of 
participants. Nevertheless, the frequency of judgment of texts seems to mirror the texts analyses.  











A.6.II. INFERENCE UTILITY TASK 
In this test, participants committed many errors, both considering the control sentences (information 
not pertinent for the text content) useful and important for the comprehension of the text 
comprehension or judging “inference information” as information non pertinent with the content. 
Thus, only participants that correctly detected/judge the control sentences and that made no more than 
1 error on “inference information” -selecting the content as being not pertinent with the text- were 
included in the analyses. 
The proportion of useful and useless inferences is reported in Table A.13. 
 
Table A.13. Inference Utility Test: proportion of useful and not useful inference- information by text 
 N Useful Not useful 
Text A     
Inference 1 .43 .80 .20 
Inference 2  .43 .90 .10 
Inference 3 .43 .90 .10 
Text B    
Inference 1 .48 .91 .9 
Inference 2  .48 1  
Inference 3 .48 .91 .9 
Text C     
Inference 1 .26 1  
Inference 2  .26 1  
Inference 3 .26 1  
Text D    
Inference 1 .26 1  
Inference 2  .26 1  
Inference 3 .26 1  
Text E    
Inference 1 .43 1  
Inference 2  .43 .80 .20 
Inference 3 .43 .80 .20 
Text F     
Inference 1 .26 1  
Inference 2  .26 1  
Inference 3 .26 1  
Text G    
Inference 1 .09 .60 .40 
Inference 2  .09 1  
Inference 3 .09 1  
Text H    
Inference 1 .13 1  
Inference 2  .13 1  
Inference 3 .13 1  
    Values represent proportions 






Results showed that the inferences presented, in an explicit form, have been judged and considered, 




A.7. READING SPAN TASK  
A.7.I. EFFECT OF THE DIFFICULTY LEVEL 
7.I.a MEAN NUMBER OF CORRECT WORDS 
Analyses on the mean number of correct words recalled by level of difficulty and age group were 
conducted. Means, standard deviations for each age group, as a function of the level of difficulty are 
presented in Table A.14.  
Repeated measure GLM analyses were conducted to examine the effect of age on the mean number of 
words recalled in each level of difficulty (from level 2-5). Results are graphically summarized in 
Figure 12.  
Table A.14. Reading Span Test: mean number of correct words recalled (means and standard 
deviations) by level of difficulty and age group.  
  Level 2 Level 3 Level 4 Level 5 
10 yo M 1.76 2.51 2.65 2.46 
 SD .18 .42 .73 .73 
11 yo M 1.81 2.85 2.96 3.15 
 SD .20 .26 .69 .63 
12 yo M 1.82 2.69 2.86 2.96 
 SD .19 .38 .65 .70 
Young A M 1.92 2.87 3.45 3.59 
 SD .18 .27 .64 .83 
Young B M 1.96 2.93 3.44 3.62 
 SD .09 .18 .57 .81 
Young-Old M 1.95 2.73 2.95 2.96 
 SD .12 .34 .69 1.07 
Old-Old M 1.84 2.63 2.86 2.57 
 SD .23 .44 .71 .86 
 
 
Children (10- to 12- years olds). 
The main effects of age, F (2, 57) = 3,91, p < .05, ηp2 = .12, and of level of difficulty, F (3, 171) = 
82.27, p < .001, ηp2 = .59, were significant. Ten year-old children recalled fewer words than 11 year-
olds (Mdiff = -.34, p < .05). Moreover, as concerns the effect of the level of difficulty significant mean 
differences were obtained only between the Level 2 and all the others (2 vs 3: Mdiff = -.88, p < .001; 2 
vs 4: Mdiff = -1.02, p < .001; 2 vs 5: Mdiff = -1.05, p < .001).  







Young A and Children 
The main effects of age, F (1, 104) = 27.92, p < .001, ηp2 = .21, and of level of difficulty, F (3, 312) = 
214.94, p < .001, ηp2 = .67, and the interaction Age X Level of difficulty, F (3, 312) = 12.47, p < .001, 
ηp2 = .10, were significant. Tukey’s post-hoc tests were conducted to analyze the interaction. The 
results, reported in Table A.15, revealed that age differences between young and children were 
observed for all level of difficulty except for Level 2 and 3. As concerns the effect of level of 
difficulty over performance in children, no difference emerged between Level 3 and Level 4 and 
between Level 4 and Level 5. In young adults the performance reached at Level 4 did not differ from 
that at Level 5.  
Table A.15. Reading Span Test: Age X Level of Difficulty, Tukey’s post-hoc. 
    1 2 3 4 5 6 7 8 
Children Level 2 1         
Children Level 3 2 .00         
Children Level 4 3 .00  .60        
Children Level 5 4 .00  .30  1.00       
Young Level 2 5 .93  .00  .00  .00      
Young Level 3 6 .00  .68  1.00  1.00  .00     
Young Level 4 7 .00  .00  .00  .00  .00  .00    
Young Level 5 8 .00  .00  .00  .00  .00  .00  .79  .00  
 
 
Young B and Older Adults 
The main effects of age, F (2, 159) = 17.66, p < .001, ηp2 = .18, and of level of difficulty, F (3, 477) = 
205.31, p < .001, ηp2 = .56, and the interaction, F (6, 477) = 9.58, p < .001, ηp2 = .10, were significant. 
Young recalled more correct words than young-old and old-old (Mdiff = .33, p < .001, Mdiff = .50, p < 
.001). The interaction was tested by conducted post-hoc Tukey HSD tests. The results, reported in 
Table A.16, revealed that age differences between young and old-old were observed for all levels of 
difficulty except for Level 2; whereas between young and young-old a significant difference emerged 
in Level 3. Furthermore, young-old and old-old differed only in performance at Level 5. As concerns 
the effect of level of difficulty over performance in young adults, the performance at Level 4 did not 
differ from the one at Level 5. For both the young-old and the old-old the performances from Level 3 
to 5 were similar. 







 Table A.16. Reading Span Test: Age X Level of Difficulty, Tukey’s post-hoc 
    1 2 3 4 5 6 7 8 9 10 11 
Young Level 3 2 .00            
Young Level 4 3 .00  .00           
Young Level 5 4 .00  .00  .81          
Young-old Level 2 5  1.00  .00  .00  .00         
Young-old Level 3 6 .00  .39  .00  .00  .00        
Young-old Level 4 7 .00   1.00  .00  .00  .00  .33       
Young-old Level 5 8 .00   1.00  .00  .00  .00  .30   1.00      
Old-old Level 2 9 .97  .00  .00  .00  .99  .00  .00  .00     
Old-old Level 3 10 .00  .03  .00  .00  .00  .99  .01  .01  .00    
Old-old Level 4 11 .00   1.00  .00  .00  .00  .97   1.00  .99  .00  .35   


















Figure 12. Reading Span Test: mean number of words correctly recalled by level of difficulty and age 
group. 
 
In the children group, the pattern of performance as a function of the level of difficulty, showed an 
increase from Level 2, remaining stable at the other levels. Moreover the children were more 
hampered by the Level 3 compared to the young whose performance increased till Level 4. The 
comparison between the young and the elderly participants showed a decline in the mean number of 
words correctly recalled from Level 3 in the young-old and from Level 2 for the old-old compared 
with the young. The young adults showed an increase in the performance till Level 4. Additionally, the 
performance of old-old in Level 4 was significantly different compared to the young-old.  
Globally we can conclude that, the maximal performance reached by children and older participants is 
at Level 3 whereas for the young at Level 4.  
 
 






7.I.b MEAN NUMBER OF CORRECT ITEMS 
Analyses of the mean number of correct items were conducted by level of difficulty and age group.  
Means, standard deviations for each age group as a function of the level of difficulty are presented in 
Table A.17.  
Repeated measure GLM analyses were conducted to examine the effects of age on the mean number 
of correct items in each level of difficulty (from Level 2-5). Results are graphically summarized in 
Figure 13  
Table A.17. Reading Span Test: mean number of correct items10 (means and standard 
deviations) by level of difficulty, and age group.  
     Level 2 Level 3  Level 4   Level 5  
10 yo M 3.06 2.33 1.00 .22 
 SD .73 1.33 1.37 .73 
11 yo M 3.22 3.39 1.67 .72 
 SD .81 .85 1.19 .57 
12 yo M 3.29 2.79 1.50 .63 
 SD .75 1.47 1.22 .71 
Young A M 3.72 3.54 2.65 1.17 
 SD .62 .89 1.43 1.00 
Young B M 3.83 3.74 2.51 1.30 
 SD .38 .64 1.32 1.12 
Young-Old M 3.79 3.15 1.61 .80 
 SD .49 .98 1.33 1.09 
Old-Old M 3.39 2.83 1.35 .33 
  SD .86 1.30 1.33 .58 
 
Children (10- to 12- years olds). 
Only the main effect of the level of difficulty, F (3, 171) = 138.76, p < .001, ηp2 = .71, was significant. 
In Level 2 and 3, that did not differ, children succeeded more items than in Level 4 (Mdiff = 1.80, p < 
.001; Mdiff = 1.49, p < .001) and 5 (Mdiff = 2.66, p < .001; Mdiff = 2.31, p < .001).  
 
Young A and Children 
The main effects of age, F (1, 104) = 26.75, p < .001, ηp2 = .20, level of difficulty, F (3, 312) = 
228.34, p < .001, ηp2 = .68, and the interaction Age X Level of difficulty, F (3, 312) = 4.22, p < .01, 
ηp2 = .04, were significant.  
The interaction was tested by conducting of post-hoc Tukey HSD tests. The results reported in Table 
A.18 revealed that age differences were observed for all level of difficulty except for Level 2. As 
concerns the effect of level of difficulty over performance both in children and in young, no difference 
                                                 
10 Maximum possible = 4 items 






was observed between Level 2 and 3.  
 
Table A.18. Reading Span Test: Age X Level of Difficulty, Tukey’s post-hoc 
    1 2 3 4 5 6 7 8 
Children Level 2 1         
Children Level 3 2 .20        
Children Level 4 3 .00 .00       
Children Level 5 4 .00 .00 .00      
Young Level 2 5 .07 .00 .00 .00     
Young Level 3 6 .60 .00 .00 .00 .97    
Young Level 4 7 .01 .87 .00 .00 .00 .00   
Young Level 5 8 .00 .00 .83 .00 .00 .00 .00 .00 
 
 
Young B and Older Adults 
The main effects of age, F (2, 159) = 17.41, p < .001, ηp2 = .18, level of difficulty, F (3, 477) = 
430.51, p < .001, ηp2 = .73, and the interaction Age X Level of difficulty, F (6, 477) = 3.02, p < .01, 
ηp2 = .04, were significant. Young succeeded more items than young-old and old-old (Mdiff = .51, p < 
.01, Mdiff = .87, p < .001). Moreover, young-old were significantly different from old-old (Mdiff = .36, 
p < .001). The results reported in Table A.19 revealed that age differencesbetween young, young-old 
and old-old were observed for all level of difficulty except for Level 2. Moreover young adults 
showed a better performance than old-old in Level 5. The two groups of older adults showed similar 
performances at all levels. As concerns the effect of level of difficulty over performance, in young 
adults the performance at Level 2 did not differ from the one at Level 3. For the young-old and the 
old-old a linear decline in performance from Level 2 was observed. 
Table A.19. Reading Span Test: Age X Level of Difficulty, Tukey’s post-hoc 
    1 2 3 4 5 6 7 8 9 10 11 
Young Level 2 1            
Young Level 3 2  1.00            
Young Level 4 3 .00  .00           
Young Level 5 4 .00  .00  .00          
Young-old Level 2 5  1.00   1.00  .00  .00         
Young-old Level 3 6 .00  .00  .01  .00  .00        
Young-old Level 4 7 .00  .00  .00  .76  .00  .00       
Young-old Level 5 8 .00  .00  .00  .07  .00  .00  .00      
Old-old Level 2 9 .11  .35  .00  .00  .26  .93  .00  .00     
Old-old Level 3 10 .00  .00  .82  .00  .00  .63  .00  .00  .02    
Old-old Level 4 11 .00  .00  .00   1.00  .00  .00  .88  .02  .00  .00   

























Figure 13. Reading Span Test: mean number of items succeeded (means and standard deviations) by 




The pattern of performance, as a function of the level of difficulty in the mean number of items 
succeeded, showed a decrease from Level 2 and 3 for 10 to 12-year-olds. Moreover children as well as 
elderly participants were more hampered from Level 3 compared to young (both groups of young -A 
and B), who showed a diminution in the items succeeded from the Level 4. Globally children as well 
as older adults were more hampered by the increasing difficulty than young adults. 







7.I.c SEMANTIC JUDGMENT TIME  
Analyses on median response times in the semantic judgment by level of difficulty and age group were 
conducted. Means, standard deviations on median response times for each age group as a function of 
the level of difficulty are presented in Table 20. 
 Repeated measure GLM analyses were conducted to examine the effects of age on median response 
times in each level of difficulty (from Level 2-5).  Results are graphically summarized in Figure 14. 
 
Table A.20. Reading Span Test: median response times (means and standard deviations) by 
level of difficulty, and age group.  
     Level 2 Level 3  Level 4   Level 5  
10 yo M 4226.45 3832.09 4000.09 4380.36 
 SD 886.61 1262.48 1141.62 1167.43 
11 yo M 4165.09 3898.06 3896.03 4263.13 
 SD 1437.76 1629.59 1472.42 1587.35 
12 yo M 3275.53 3168.41 3070.66 3478.94 
 SD  882.75 693.18 553.23 677.98 
Young A M 2433.97 2191.65 2301.99 2456.63 
 SD 728.09 702.88 630.96 878.71 
Young B M 2177.97 1960.06 2141.56 2229.76 
 SD 618.83 574.13 786.53 854.57 
Young-Old M 2733.27 2455.63 2605.88 2632.94 
 SD 933.76 882.90 982.77 1056.13 
Old-Old M 2979.43 2584.32 2679.40 2736.65 
 SD 1067.49 783.89 775.09 859.32 
 
 
Children (10- to 12- years olds). 
Only the main effect of level of difficulty, F (3, 171) = 6.45, p < .001, ηp2 = .14, was significant. In 
Level 3 and 4 participants showed longer response latencies than in Level 5 (Mdiff = -407.95, p < .01; 
Mdiff = 385.21, p < .01). 
 
Young A and Children 
The main effects of age, F (1, 87) = 51.07, p < .001, ηp2 = .37, and of level of difficulty, F (3, 2612) = 
13.02, p < .001, ηp2 = .13, were significant. Children had longer response times than young (Mdiff = -
.78, p < .001). As concerns the effect of level of difficulty over performance, Level 2 and Level 5, that 
did not differ from each other, showed longer response latencies than Level 3 (Mdiff = 241.21, p < 
.001, Mdiff = 328.30, p < .001) and 4 (Mdiff = 183.11, p < .001, Mdiff = 270.21, p < .001).  
 






Young B and Older adults 
The main effects of age, F (2, 151) = 7.22, p < .001, ηp2 = .08, of level of difficulty, F (3, 453) = 
26.68, p < .001, ηp2 = .15, and the interaction Age X Level of Difficulty, F (6, 453) = 2.51, p < .05, 
ηp2 = .03, were significant. The young adults showed shorter response times than young-old and old-
old (Mdiff = -479.59, p < .05, Mdiff = -617-61, p < .01). The interaction was tested by conduction of 
post-hoc Tukey’s HSD tests. The results, reported in Table A.21., revealed that at all levels of 
difficulty older participants had longer response times than young adults. Moreover, young-old and 
old-old did not differ in response time at Level 4. As concerns the effect of level of difficulty over 
performance both in the young group and in the young-old, differences in response latencies were 
found between the Level 2 and 3. In addition, for young adults response times at Level 3 were 
different from response times at Level 5. For old-old, post-hoc indicated that in Level 2 response 
latencies were longer than in the other 3 levels (3-4-5); these three last levels had similar response 
latencies.   
Table A.21. Reading Span Test: Age X Level of Difficulty, Tukey’s post-hoc 
    1 2 3 4 5 6 7 8 9 10 11 
Young Level 2 1            
Young Level 3 2  .02            
Young Level 4 3  1.00   .14           
Young Level 5 4  1.00   .00   .96          
Young-old Level 2 5  .00   .00   .00   .00         
Young-old Level 3 6  .14   .00   .03   .65   .00        
Young-old Level 4 7  .00   .00   .00   .00   .51   .25       
Young-old Level 5 8  .00   .00   .00   .00   .83   .07   1.00      
Old-old Level 2 9  .00   .00   .00   .00   .00   .00   .00   .00     
Old-old Level 3 10  .00   .00   .00   .00   .98   .04   1.00   1.00   .00    
Old-old Level 4 11  .00   .00   .00   .00   1.00   .00   .34   .66   .00   .90   
















Figure 14. Reading Span Test: median response time by age group and level of difficulty. 
 






The pattern of performance as a function of the level of difficulty in the median response times was 
not so clear. Indeed, there was no linear trend from Level 2 to 5. Generally, even though in Level 5 
participants showed longer response latencies than Level 3 and 4, the response latencies between 
Level 2 and 5 were similar for both children and young adults. In all levels older participants had 
longer response times than young. Similar response latencies were observed for young-old and old-old 
only in Level 4. If old-old adults showed a decline in response latencies from level 3, for the young-
old level response latencies differed only between level 2 and 3.  







A.8. AGE TENDENCIES: REGRESSION ANALYSES 
In this section we report details on multiple regression analyses conducted in order to assess age 
tendencies between age and the constructs of interests.  
 
A.8.I. READING COMPREHENSION  
8.I.a EXPERIMENTAL READING COMPREHENSION TASK 
(1) Children and Young Adults 
Comprehension for text: Detail  
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .31 .09 .09 .16 .09 1.94 1.00 105.00 .00 
Linear; Quadratic .40 .16 .14 .16 .06 .31 1.00 104.00 .01 
Linear; 
Quadratic; Cubic .47 .22 .20 .15 .06 8.22 1.00 103.00 .01 
 
Comprehension for text: Inference 
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .51 .26 .25 .23 .26 35.96 1.00 105.00 .00 
Linear; Quadratic .54 .30 .28 .22 .04 5.94 1.00 104.00 .02 
     
 
Memory for text: Detail 
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .48 .23 .23 .22 .23 31.93 1.00 105.00 .00 
Linear; Quadratic .55 .30 .29 .21 .07 1.28 1.00 104.00 .00 
 
Memory for text: Inference 
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .46 .21 .20 .25 .21 27.86 1.00 105.00 .00 
Quadratic; Cubic .53 .28 .27 .24 .07 9.96 1.00 104.00 .00 
      
 
Global         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .69 .48 .47 .19 .48 96.63 1.00 105.00 .00 
Linear; Quadratic .77 .60 .59 .17 .12 31.25 1.00 104.00 .00 
Linear; 
Quadratic; Cubic .79 .63 .62 .16 .03 8.68 1.00 103.00 .00 
 
 






(2) Young and Older Adults 
Comprehension for text: detail          
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .25 .06 .06 .13 .06 1.44 1.00 162.00 .00 
Linear; Quadratic .32 .10 .09 .12 .04 6.95 1.00 161.00 .01 
 
Comprehension for text: inference        
  
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .20 .04 .03 .15 .04 6.76 1.00 162.00 .01 
 
Memory for text: detail         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .36 .13 .12 .15 .13 23.57 1.00 162.00 .00 
 
Memory for text: inference         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .29 .08 .08 .17 .08 14.91 1.00 162.00 .00 
 
Global         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .40 .16 .16 .10 .16 31.62 1.00 162.00 .00 
 
A.8.II. WORKING MEMORY 
Reading Span Test         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 




Matrices Associations         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .45 .20 .20 .52 .20 67.13 1.00 269.00 .00 
Quadratic; Cubic .48 .23 .23 .51 .03 1.70 1.00 268.00 .00 
Quadratic; Cubic; 
Linear .52 .27 .27 .50 .04 16.05 1.00 267.00 .00 
  
         
 
 







Stroop Interference         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Cubic .13 .01 .01 .11 .01 4.56 1.00 266.00 .03 
         
Stroop NP        NS   
      
 
Stroop Facilitation         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .16 .03 .02 .11 .03 6.94 1.00 266.00 .01 
 
Hayling Correct Answers         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Cubic .34 .11 .11 .13 .11 35.81 1.00 267.00 .00 
 
Hayling RT          
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .21 .04 .04 .48 .04 11.03 1.00 25.00 .00 
Quadratic; Cubic .33 .11 .10 .46 .07 18.64 1.00 249.00 .00 
Quadratic; Cubic; 
Linear .35 .12 .11 .46 .02 4.11 1.00 248.00 .04 
     
A.8.IV. DELETION 
Directed Forgetting_benefit       NS  
      
8.IV.a INTRUSION ERRORS 
Directed Forgetting TBF-F-FO        
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Linear .15 .02 .02 .46 .02 5.99 1.00 267.00 .02 
Linear; Cubic .27 .07 .07 .45 .05 14.98 1.00 266.00 .00 
Linear; Cubic; 
Quadratic .30 .09 .08 .45 .02 4.77 1.00 265.00 .03 
 
Directed Forgetting TBR-F-RO        
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .17 .03 .02 .48 .03 7.67 1.00 267.00 .01 
Quadratic; Cubic .22 .05 .04 .48 .02 5.16 1.00 266.00 .02 
Quadratic; Cubic; 
Linear .28 .08 .07 .47 .03 9.34 1.00 265.00 .00 






Reading Span Intrusions       
  
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .28 .08 .08 .06 .08 23.03 1.00 266.00 .00 
      
 
A.8.V. PROCESSING SPEED 
Pattern Comparison         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .61 .37 .37 39.33 .37 159.42 1.00 269.00 .00 
Quadratic; Cubic .63 .40 .40 38.48 .03 13.04 1.00 268.00 .00 
Quadratic; Cubic; 
Linear .76 .58 .57 32.33 .18 112.61 1.00 267.00 .00 
 
Letter Comparison         
 R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate Change Statistics    




Change df1 df2 
Sig. F 
Change 
Quadratic .65 .42 .42 44.90 .42 192.88 1 269 .00 
Quadratic; Cubic .66 .43 .426 44.50 .01 5.89 1 268 .02 
Quadratic; Cubic; 
Linear .78 .62 .61 36.60 .19 129.24 1 267 .00 







A.9. LISREL OUTPUTS 
9.I.a YOUNG FINAL MODEL 
L I S R E L  8.53 
 
                                       BY 
 




                    This program is published exclusively by 
                    Scientific Software International, Inc. 
                       7383 N. Lincoln Avenue, Suite 100 
                        Lincolnwood, IL 60712, U.S.A.  
            Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140 
        Copyright by Scientific Software International, Inc., 1981-2002  
          Use of this program is subject to the terms specified in the 
                        Universal Copyright Convention. 
                          Website: www.ssicentral.com 
 
 The following lines were read from file C:\Documents and 
Settings\derib\Bureau\LisrelPhD\Young\1.LS8: 
 
 modello finale 
   
 DA NI=23 NO=97 MA=CM 
   
 LA 
 Age Age2 dfben tbffo tbfro intrus wmac wmrspan intrss npr facrss hayrr 
hayrtr rcepdet rcepinf rceadet rceainf rcep rcea rctot rcetot pspatt pslett 
   
 se 
 !2 working memory 1 2 
 wmac wmrspan 
 !4 deletion/inhibition 3 4 5 6 
 dfben tbffo tbfro intrus 
 !2 processing speed 7 8 
 pspatt pslett 
 !Comprehension for text 9 10 
 rcepdet rcepinf 
 !Memory for text  11 12 
 rceadet rceainf 
 Age/ 
   
 CM FI=C:\aaage 
   
   
 MO NY=12 NE=5 NX=1 NK=1 LY=FU, FI PS=sy,fr TD=FU, FI TE=sy,FI ga=Fu 
BE=FU,FI 
   
 LE 
 Wm Del Ps  TC MT 
   
 LK 
 age 
   
 !Wm 






 Fr ly 1 1 ly 2 1 
 eq ly 1 1 ly 2 1 
 fi ps 1 1 
 va 1 ps 1 1 
   
 !Del 
 Fr ly 3 2 ly 4 2 ly 5 2 ly 6 2 
 fi ps 2 2 
 va 1 ps 2 2 
   
 !Ps 
 FR ly 7 3 ly 8 3 
 eq ly 7 3 ly 8 3 
 fi ps 3 3 
 va 1 ps 3 3 
   
 !TC 
 FR ly 9 4 ly 10 4 
 !va 1 ly 10 4  ly 9 4 
 eq ly 10 4  ly 9 4 
 fi ps 4 4 
 va 1 ps 4 4 
   
 !MT 
 fr ly 12 5 ly 11 5 
 !va 1 ly 12 5  ly 11 5 
 eq ly 12 5 ly 11 5 
 fi ps 5 5 
 va 1 ps 5 5 
   
   
   
 FR te 1 1 te 2 2 te 3 3 te 4 4 te 5 5 te 6 6 te 7 7 te 8 8 te 9 9 te 10 10 
te 11 11 te 12 12 
 
 fi td 1 1 
 va 1 lx 1 1 
 fi ga 1 1 ga 4 1 ga 5 1 
 va 0 ga 1 1  ga 4 1 ga 5 1 
   
 fr be 1 2 be 1 3 
   
 fr be 4 1 be 5 1 
   
   
 fi ps 1 2 ps 1 3 ps 1 4 ps 1 5 
 fi ps 2 3 ps 2 4 ps 2 5 
 fi ps 3 4 ps 3 5 
 fi ps 4 5 
 va 0 ps 4 5 
   
 va 0 ps 1 2 ps 1 3 ps 1 4 ps 1 5 
 va 0  ps 2 3 
 va 0  ps 3 4 ps 3 5 
   
 fr te 2 6 
 path diagram 
 ou ef ss sc ad=off 
 
 modello globale                                                                 
 






                           Number of Input Variables 23 
                           Number of Y - Variables   12 
                           Number of X - Variables    1 
                           Number of ETA - Variables  5 
                           Number of KSI - Variables  1 
                           Number of Observations    97 
 
 modello globale                                                                 
 
         Covariance Matrix        
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 
     wmac       1.00 
  wmrspan       0.52       1.00 
    dfben      -0.12       0.02       1.00 
    tbffo      -0.24      -0.30       0.07       1.00 
    tbfro      -0.34      -0.35       0.24       0.30       1.00 
   intrus      -0.28      -0.59       0.00       0.30       0.22       1.00 
   pspatt      -0.65      -0.48       0.05       0.26       0.33       0.26 
   pslett      -0.56      -0.42       0.01       0.25       0.25       0.19 
  rcepdet      -0.35      -0.33      -0.03       0.16       0.01       0.16 
  rcepinf      -0.45      -0.47      -0.11       0.28       0.10       0.39 
  rceadet      -0.42      -0.35      -0.04       0.02       0.18       0.20 
  rceainf      -0.45      -0.43       0.07       0.13       0.11       0.30 
      Age       0.57       0.40      -0.04      -0.28      -0.39      -0.18 
 
         Covariance Matrix        
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
   pspatt       1.00 
   pslett       0.89       1.00 
  rcepdet       0.39       0.32       1.00 
  rcepinf       0.56       0.52       0.48       1.00 
  rceadet       0.54       0.48       0.28       0.43       1.00 
  rceainf       0.51       0.47       0.48       0.47       0.60       1.00 
      Age      -0.83      -0.80      -0.29      -0.49      -0.49      -0.45 
 
         Covariance Matrix        
 
                 Age    
            -------- 
      Age       1.00 
 
 
 modello globale                                                                 
 
 Parameter Specifications 
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT 
            --------   --------   --------   --------   -------- 
     wmac          1          0          0          0          0 
  wmrspan          1          0          0          0          0 
    dfben          0          2          0          0          0 
    tbffo          0          3          0          0          0 
    tbfro          0          4          0          0          0 
   intrus          0          5          0          0          0 
   pspatt          0          0          6          0          0 






   pslett          0          0          6          0          0 
  rcepdet          0          0          0          7          0 
  rcepinf          0          0          0          7          0 
  rceadet          0          0          0          0          8 
  rceainf          0          0          0          0          8 
 
         BETA         
 
                  Wm        Del         Ps         TC         MT 
            --------   --------   --------   --------   -------- 
       Wm          0          9         10          0          0 
      Del          0          0          0          0          0 
       Ps          0          0          0          0          0 
       TC         11          0          0          0          0 
       MT         12          0          0          0          0 
 
         GAMMA        
 
                 age 
            -------- 
       Wm          0 
      Del         13 
       Ps         14 
       TC          0 
       MT          0 
 
         PHI          
 
                 age 
            -------- 
                  15 
 
         THETA-EPS    
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus 
            --------   --------   --------   --------   --------   -------- 
     wmac         16 
  wmrspan          0         17 
    dfben          0          0         18 
    tbffo          0          0          0         19 
    tbfro          0          0          0          0         20 
   intrus          0         21          0          0          0         22 
   pspatt          0          0          0          0          0          0 
   pslett          0          0          0          0          0          0 
  rcepdet          0          0          0          0          0          0 
  rcepinf          0          0          0          0          0          0 
  rceadet          0          0          0          0          0          0 
  rceainf          0          0          0          0          0          0 
 
         THETA-EPS    
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf 
            --------   --------   --------   --------   --------   -------- 
   pspatt         23 
   pslett          0         24 
  rcepdet          0          0         25 
  rcepinf          0          0          0         26 
  rceadet          0          0          0          0         27 
  rceainf          0          0          0          0          0         28 
  
 







 modello globale                                                                 
 
 Number of Iterations = 30 
 
 LISREL Estimates (Maximum Likelihood)                
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.33        - -        - -        - -        - - 
              (0.06) 
                5.41 
  
  wmrspan       0.33        - -        - -        - -        - - 
              (0.06) 
                5.41 
  
    dfben        - -       0.14        - -        - -        - - 
                         (0.10) 
                           1.36 
  
    tbffo        - -       0.42        - -        - -        - - 
                         (0.11) 
                           3.79 
  
    tbfro        - -       0.47        - -        - -        - - 
                         (0.12) 
                           4.08 
  
   intrus        - -       0.34        - -        - -        - - 
                         (0.10) 
                           3.49 
  
   pspatt        - -        - -       0.48        - -        - - 
                                    (0.04) 
                                     11.15 
  
   pslett        - -        - -       0.48        - -        - - 
                                    (0.04) 
                                     11.15 
  
  rcepdet        - -        - -        - -       0.40        - - 
                                               (0.10) 
                                                 4.03 
  
  rcepinf        - -        - -        - -       0.40        - - 
                                               (0.10) 
                                                 4.03 
  
  rceadet        - -        - -        - -        - -       0.47 
                                                          (0.08) 
                                                            5.76 
  
  rceainf        - -        - -        - -        - -       0.47 
                                                          (0.08) 
                                                            5.76 
  
 
         LAMBDA-X     







                 age    
            -------- 
      Age       1.00 
  
 
         BETA         
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.50      -0.71        - -        - - 
                         (0.25)     (0.17) 
                          -2.01      -4.26 
  
      Del        - -        - -        - -        - -        - - 
  
       Ps        - -        - -        - -        - -        - - 
  
       TC      -0.71        - -        - -        - -        - - 
              (0.25) 
               -2.86 
  
       MT      -0.63        - -        - -        - -        - - 
              (0.18) 
               -3.40 
  
 
         GAMMA        
 
                 age    
            -------- 
       Wm        - - 
  
      Del      -0.71 
              (0.20) 
               -3.61 
  
       Ps      -1.71 
              (0.19) 
               -9.02 
  
       TC        - - 
  
       MT        - - 
  
 
         Covariance Matrix of ETA and KSI         
 
                  Wm        Del         Ps         TC         MT        age    
            --------   --------   --------   --------   --------   -------- 
       Wm       4.19 
      Del      -1.62       1.51 
       Ps      -3.37       1.22       3.92 
       TC      -2.98       1.15       2.40       3.12 
       MT      -2.63       1.02       2.12       1.88       2.66 
      age       1.56      -0.71      -1.71      -1.11      -0.98       1.00 
 
         PHI          
 
                 age    
            -------- 






                1.00 
              (0.14) 
                6.93 
  
 
         PSI          
         Note: This matrix is diagonal. 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                1.00       1.00       1.00       1.00       1.00 
  
 
         Squared Multiple Correlations for Structural Equations   
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.76       0.34       0.74       0.68       0.62 
 
         Squared Multiple Correlations for Reduced Form           
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.58       0.34       0.74       0.40       0.36 
 
         Reduced Form                 
 
                 age    
            -------- 
       Wm       1.56 
              (0.33) 
                4.69 
  
      Del      -0.71 
              (0.20) 
               -3.61 
  
       Ps      -1.71 
              (0.19) 
               -9.02 
  
       TC      -1.11 
              (0.34) 
               -3.25 
  
       MT      -0.98 
              (0.24) 
               -4.10 
  
 
         THETA-EPS    
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 
     wmac       0.45 
              (0.08) 
                5.79 
  
  wmrspan        - -       0.58 
                         (0.10) 
                           6.05 







    dfben        - -        - -       0.97 
                                    (0.14) 
                                      6.81 
  
    tbffo        - -        - -        - -       0.74 
                                               (0.13) 
                                                 5.46 
  
    tbfro        - -        - -        - -        - -       0.66 
                                                          (0.14) 
                                                            4.85 
  
   intrus        - -      -0.34        - -        - -        - -       0.81 
                         (0.09)                                      (0.13) 
                          -3.90                                        6.09 
  
   pspatt        - -        - -        - -        - -        - -        - - 
  
   pslett        - -        - -        - -        - -        - -        - - 
  
  rcepdet        - -        - -        - -        - -        - -        - - 
  
  rcepinf        - -        - -        - -        - -        - -        - - 
  
  rceadet        - -        - -        - -        - -        - -        - - 
  
  rceainf        - -        - -        - -        - -        - -        - - 
  
 
         THETA-EPS    
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
   pspatt       0.07 
              (0.03) 
                2.80 
  
   pslett        - -       0.15 
                         (0.03) 
                           4.74 
  
  rcepdet        - -        - -       0.61 
                                    (0.11) 
                                      5.39 
  
  rcepinf        - -        - -        - -       0.43 
                                               (0.09) 
                                                 4.55 
  
  rceadet        - -        - -        - -        - -       0.42 
                                                          (0.09) 
                                                            4.79 
  
  rceainf        - -        - -        - -        - -        - -       0.38 
                                                                     (0.08) 
                                                                       4.52 
  
 
         Squared Multiple Correlations for Y - Variables          
 






                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 
                0.50       0.44       0.03       0.26       0.34       0.18 
 
         Squared Multiple Correlations for Y - Variables          
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
                0.93       0.86       0.45       0.54       0.59       0.61 
 
         Squared Multiple Correlations for X - Variables          
 
                 Age    
            -------- 
                1.00 
 
 
                           Goodness of Fit Statistics 
 
                             Degrees of Freedom = 63 
                Minimum Fit Function Chi-Square = 77.46 (P = 0.10) 
       Normal Theory Weighted Least Squares Chi-Square = 77.79 (P = 0.099) 
                 Estimated Non-centrality Parameter (NCP) = 14.79 
              90 Percent Confidence Interval for NCP = (0.0 ; 41.33) 
  
                        Minimum Fit Function Value = 0.81 
                Population Discrepancy Function Value (F0) = 0.15 
               90 Percent Confidence Interval for F0 = (0.0 ; 0.43) 
             Root Mean Square Error of Approximation (RMSEA) = 0.049 
             90 Percent Confidence Interval for RMSEA = (0.0 ; 0.083) 
               P-Value for Test of Close Fit (RMSEA < 0.05) = 0.49 
  
                  Expected Cross-Validation Index (ECVI) = 1.39 
             90 Percent Confidence Interval for ECVI = (1.24 ; 1.67) 
                         ECVI for Saturated Model = 1.90 
                       ECVI for Independence Model = 11.80 
  
      Chi-Square for Independence Model with 78 Degrees of Freedom = 
1106.82 
                            Independence AIC = 1132.82 
                                Model AIC = 133.79 
                              Saturated AIC = 182.00 
                           Independence CAIC = 1179.29 
                               Model CAIC = 233.88 
                             Saturated CAIC = 507.30 
  
                          Normed Fit Index (NFI) = 0.93 
                        Non-Normed Fit Index (NNFI) = 0.98 
                     Parsimony Normed Fit Index (PNFI) = 0.75 
                        Comparative Fit Index (CFI) = 0.99 
                        Incremental Fit Index (IFI) = 0.99 
                         Relative Fit Index (RFI) = 0.91 
  
                             Critical N (CN) = 115.04 
  
  
                     Root Mean Square Residual (RMR) = 0.079 
                             Standardized RMR = 0.079 
                        Goodness of Fit Index (GFI) = 0.90 
                   Adjusted Goodness of Fit Index (AGFI) = 0.84 
                  Parsimony Goodness of Fit Index (PGFI) = 0.62 







 modello globale                                                                 
 
 Standardized Solution            
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.68        - -        - -        - -        - - 
  wmrspan       0.68        - -        - -        - -        - - 
    dfben        - -       0.17        - -        - -        - - 
    tbffo        - -       0.51        - -        - -        - - 
    tbfro        - -       0.58        - -        - -        - - 
   intrus        - -       0.42        - -        - -        - - 
   pspatt        - -        - -       0.95        - -        - - 
   pslett        - -        - -       0.95        - -        - - 
  rcepdet        - -        - -        - -       0.70        - - 
  rcepinf        - -        - -        - -       0.70        - - 
  rceadet        - -        - -        - -        - -       0.77 
  rceainf        - -        - -        - -        - -       0.77 
 
         LAMBDA-X     
 
                 age    
            -------- 
      Age       1.00 
 
         BETA         
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.30      -0.68        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC      -0.82        - -        - -        - -        - - 
       MT      -0.79        - -        - -        - -        - - 
 
         GAMMA        
 
                 age    
            -------- 
       Wm        - - 
      Del      -0.58 
       Ps      -0.86 
       TC        - - 
       MT        - - 
 
         Correlation Matrix of ETA and KSI        
 
                  Wm        Del         Ps         TC         MT        age    
            --------   --------   --------   --------   --------   -------- 
       Wm       1.00 
      Del      -0.64       1.00 
       Ps      -0.83       0.50       1.00 
       TC      -0.82       0.53       0.69       1.00 
       MT      -0.79       0.51       0.66       0.65       1.00 
      age       0.76      -0.58      -0.86      -0.63      -0.60       1.00 
 
         PSI          
         Note: This matrix is diagonal. 







                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.24       0.66       0.26       0.32       0.38 
 
         Regression Matrix ETA on KSI (Standardized)  
 
                 age    
            -------- 
       Wm       0.76 
      Del      -0.58 
       Ps      -0.86 
       TC      -0.63 
       MT      -0.60 
 
 modello finale                                                                 
 
 Completely Standardized Solution 
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.71        - -        - -        - -        - - 
  wmrspan       0.66        - -        - -        - -        - - 
    dfben        - -       0.17        - -        - -        - - 
    tbffo        - -       0.51        - -        - -        - - 
    tbfro        - -       0.58        - -        - -        - - 
   intrus        - -       0.43        - -        - -        - - 
   pspatt        - -        - -       0.96        - -        - - 
   pslett        - -        - -       0.93        - -        - - 
  rcepdet        - -        - -        - -       0.67        - - 
  rcepinf        - -        - -        - -       0.73        - - 
  rceadet        - -        - -        - -        - -       0.77 
  rceainf        - -        - -        - -        - -       0.78 
 
         LAMBDA-X     
 
                 age    
            -------- 
      Age       1.00 
 
         BETA         
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.30      -0.68        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC      -0.82        - -        - -        - -        - - 
       MT      -0.79        - -        - -        - -        - - 
 
         GAMMA        
 
                 age    
            -------- 
       Wm        - - 
      Del      -0.58 
       Ps      -0.86 
       TC        - - 
       MT        - - 







         Correlation Matrix of ETA and KSI        
 
                  Wm        Del         Ps         TC         MT        age    
            --------   --------   --------   --------   --------   -------- 
       Wm       1.00 
      Del      -0.64       1.00 
       Ps      -0.83       0.50       1.00 
       TC      -0.82       0.53       0.69       1.00 
       MT      -0.79       0.51       0.66       0.65       1.00 
      age       0.76      -0.58      -0.86      -0.63      -0.60       1.00 
 
         PSI          
         Note: This matrix is diagonal. 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.24       0.66       0.26       0.32       0.38 
 
         THETA-EPS    
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 
     wmac       0.50 
  wmrspan        - -       0.56 
    dfben        - -        - -       0.97 
    tbffo        - -        - -        - -       0.74 
    tbfro        - -        - -        - -        - -       0.66 
   intrus        - -      -0.33        - -        - -        - -       0.82 
   pspatt        - -        - -        - -        - -        - -        - - 
   pslett        - -        - -        - -        - -        - -        - - 
  rcepdet        - -        - -        - -        - -        - -        - - 
  rcepinf        - -        - -        - -        - -        - -        - - 
  rceadet        - -        - -        - -        - -        - -        - - 
  rceainf        - -        - -        - -        - -        - -        - - 
 
         THETA-EPS    
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
   pspatt       0.07 
   pslett        - -       0.14 
  rcepdet        - -        - -       0.55 
  rcepinf        - -        - -        - -       0.46 
  rceadet        - -        - -        - -        - -       0.41 
  rceainf        - -        - -        - -        - -        - -       0.39 
 
         Regression Matrix ETA on KSI (Standardized)  
 
                 age    
            -------- 
       Wm       0.76 
      Del      -0.58 
       Ps      -0.86 
       TC      -0.63 
       MT      -0.60 
 
 modello globale                                                                 
 
 Total and Indirect Effects 
 






         Total Effects of KSI on ETA  
 
                 age    
            -------- 
       Wm       1.56 
              (0.33) 
                4.69 
  
      Del      -0.71 
              (0.20) 
               -3.61 
  
       Ps      -1.71 
              (0.19) 
               -9.02 
  
       TC      -1.11 
              (0.34) 
               -3.25 
  
       MT      -0.98 
              (0.24) 
               -4.10 
  
 
         Indirect Effects of KSI on ETA   
 
                 age    
            -------- 
       Wm       1.56 
              (0.33) 
                4.69 
  
      Del        - - 
  
       Ps        - - 
  
       TC      -1.11 
              (0.34) 
               -3.25 
  
       MT      -0.98 
              (0.24) 
               -4.10 
  
 
         Total Effects of ETA on ETA  
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.50      -0.71        - -        - - 
                         (0.25)     (0.17) 
                          -2.01      -4.26 
  
      Del        - -        - -        - -        - -        - - 
  
       Ps        - -        - -        - -        - -        - - 
  
       TC      -0.71       0.36       0.50        - -        - - 
              (0.25)     (0.19)     (0.17) 
               -2.86       1.93       2.97 







       MT      -0.63       0.32       0.44        - -        - - 
              (0.18)     (0.15)     (0.12) 
               -3.40       2.07       3.57 
  
 
    Largest Eigenvalue of B*B' (Stability Index) is   0.902 
 
         Indirect Effects of ETA on ETA   
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -        - -        - -        - -        - - 
  
      Del        - -        - -        - -        - -        - - 
  
       Ps        - -        - -        - -        - -        - - 
  
       TC        - -       0.36       0.50        - -        - - 
                         (0.19)     (0.17) 
                           1.93       2.97 
  
       MT        - -       0.32       0.44        - -        - - 
                         (0.15)     (0.12) 
                           2.07       3.57 
  
 
         Total Effects of ETA on Y    
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.33      -0.17      -0.23        - -        - - 
              (0.06)     (0.07)     (0.04) 
                5.41      -2.30      -5.61 
  
  wmrspan       0.33      -0.17      -0.23        - -        - - 
              (0.06)     (0.07)     (0.04) 
                5.41      -2.30      -5.61 
  
    dfben        - -       0.14        - -        - -        - - 
                         (0.10) 
                           1.36 
  
    tbffo        - -       0.42        - -        - -        - - 
                         (0.11) 
                           3.79 
  
    tbfro        - -       0.47        - -        - -        - - 
                         (0.12) 
                           4.08 
  
   intrus        - -       0.34        - -        - -        - - 
                         (0.10) 
                           3.49 
  
   pspatt        - -        - -       0.48        - -        - - 
                                    (0.04) 
                                     11.15 
  
   pslett        - -        - -       0.48        - -        - - 
                                    (0.04) 






                                     11.15 
  
  rcepdet      -0.28       0.14       0.20       0.40        - - 
              (0.06)     (0.06)     (0.04)     (0.10) 
               -4.79       2.27       4.87       4.03 
  
  rcepinf      -0.28       0.14       0.20       0.40        - - 
              (0.06)     (0.06)     (0.04)     (0.10) 
               -4.79       2.27       4.87       4.03 
  
  rceadet      -0.30       0.15       0.21        - -       0.47 
              (0.06)     (0.07)     (0.04)                (0.08) 
               -4.84       2.27       4.92                  5.76 
  
  rceainf      -0.30       0.15       0.21        - -       0.47 
              (0.06)     (0.07)     (0.04)                (0.08) 
               -4.84       2.27       4.92                  5.76 
  
 
         Indirect Effects of ETA on Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac        - -      -0.17      -0.23        - -        - - 
                         (0.07)     (0.04) 
                          -2.30      -5.61 
  
  wmrspan        - -      -0.17      -0.23        - -        - - 
                         (0.07)     (0.04) 
                          -2.30      -5.61 
  
    dfben        - -        - -        - -        - -        - - 
  
    tbffo        - -        - -        - -        - -        - - 
  
    tbfro        - -        - -        - -        - -        - - 
  
   intrus        - -        - -        - -        - -        - - 
  
   pspatt        - -        - -        - -        - -        - - 
  
   pslett        - -        - -        - -        - -        - - 
  
  rcepdet      -0.28       0.14       0.20        - -        - - 
              (0.06)     (0.06)     (0.04) 
               -4.79       2.27       4.87 
  
  rcepinf      -0.28       0.14       0.20        - -        - - 
              (0.06)     (0.06)     (0.04) 
               -4.79       2.27       4.87 
  
  rceadet      -0.30       0.15       0.21        - -        - - 
              (0.06)     (0.07)     (0.04) 
               -4.84       2.27       4.92 
  
  rceainf      -0.30       0.15       0.21        - -        - - 
              (0.06)     (0.07)     (0.04) 
               -4.84       2.27       4.92 
  
 
         Total Effects of KSI on Y    







                 age    
            -------- 
     wmac       0.52 
              (0.06) 
                8.27 
  
  wmrspan       0.52 
              (0.06) 
                8.27 
  
    dfben      -0.10 
              (0.08) 
               -1.33 
  
    tbffo      -0.30 
              (0.09) 
               -3.41 
  
    tbfro      -0.34 
              (0.09) 
               -3.75 
  
   intrus      -0.25 
              (0.08) 
               -3.11 
  
   pspatt      -0.82 
              (0.05) 
              -15.23 
  
   pslett      -0.82 
              (0.05) 
              -15.23 
  
  rcepdet      -0.44 
              (0.07) 
               -6.58 
  
  rcepinf      -0.44 
              (0.07) 
               -6.58 
  
  rceadet      -0.47 
              (0.07) 
               -6.71 
  
  rceainf      -0.47 
              (0.07) 
               -6.71 
  
 
 modello globale                                                                 
 
 Standardized Total and Indirect Effects 
 
         Standardized Total Effects of KSI on ETA 
 
                 age    
            -------- 
       Wm       0.76 






      Del      -0.58 
       Ps      -0.86 
       TC      -0.63 
       MT      -0.60 
 
         Standardized Indirect Effects of KSI on ETA  
 
                 age    
            -------- 
       Wm       0.76 
      Del        - - 
       Ps        - - 
       TC      -0.63 
       MT      -0.60 
 
         Standardized Total Effects of ETA on ETA 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.30      -0.68        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC      -0.82       0.25       0.56        - -        - - 
       MT      -0.79       0.24       0.54        - -        - - 
 
         Standardized Indirect Effects of ETA on ETA  
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -        - -        - -        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC        - -       0.25       0.56        - -        - - 
       MT        - -       0.24       0.54        - -        - - 
 
         Standardized Total Effects of ETA on Y   
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.68      -0.20      -0.46        - -        - - 
  wmrspan       0.68      -0.20      -0.46        - -        - - 
    dfben        - -       0.17        - -        - -        - - 
    tbffo        - -       0.51        - -        - -        - - 
    tbfro        - -       0.58        - -        - -        - - 
   intrus        - -       0.42        - -        - -        - - 
   pspatt        - -        - -       0.95        - -        - - 
   pslett        - -        - -       0.95        - -        - - 
  rcepdet      -0.58       0.17       0.40       0.70        - - 
  rcepinf      -0.58       0.17       0.40       0.70        - - 
  rceadet      -0.61       0.18       0.42        - -       0.77 
  rceainf      -0.61       0.18       0.42        - -       0.77 
 
         Completely Standardized Total Effects of ETA on Y    
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.71      -0.21      -0.48        - -        - - 
  wmrspan       0.66      -0.20      -0.45        - -        - - 
    dfben        - -       0.17        - -        - -        - - 
    tbffo        - -       0.51        - -        - -        - - 
    tbfro        - -       0.58        - -        - -        - - 






   intrus        - -       0.43        - -        - -        - - 
   pspatt        - -        - -       0.96        - -        - - 
   pslett        - -        - -       0.93        - -        - - 
  rcepdet      -0.55       0.17       0.38       0.67        - - 
  rcepinf      -0.60       0.18       0.41       0.73        - - 
  rceadet      -0.60       0.18       0.41        - -       0.77 
  rceainf      -0.62       0.19       0.42        - -       0.78 
 
         Standardized Indirect Effects of ETA on Y    
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac        - -      -0.20      -0.46        - -        - - 
  wmrspan        - -      -0.20      -0.46        - -        - - 
    dfben        - -        - -        - -        - -        - - 
    tbffo        - -        - -        - -        - -        - - 
    tbfro        - -        - -        - -        - -        - - 
   intrus        - -        - -        - -        - -        - - 
   pspatt        - -        - -        - -        - -        - - 
   pslett        - -        - -        - -        - -        - - 
  rcepdet      -0.58       0.17       0.40        - -        - - 
  rcepinf      -0.58       0.17       0.40        - -        - - 
  rceadet      -0.61       0.18       0.42        - -        - - 
  rceainf      -0.61       0.18       0.42        - -        - - 
 
         Completely Standardized Indirect Effects of ETA on Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac        - -      -0.21      -0.48        - -        - - 
  wmrspan        - -      -0.20      -0.45        - -        - - 
    dfben        - -        - -        - -        - -        - - 
    tbffo        - -        - -        - -        - -        - - 
    tbfro        - -        - -        - -        - -        - - 
   intrus        - -        - -        - -        - -        - - 
   pspatt        - -        - -        - -        - -        - - 
   pslett        - -        - -        - -        - -        - - 
  rcepdet      -0.55       0.17       0.38        - -        - - 
  rcepinf      -0.60       0.18       0.41        - -        - - 
  rceadet      -0.60       0.18       0.41        - -        - - 
  rceainf      -0.62       0.19       0.42        - -        - - 
 
         Standardized Total Effects of KSI on Y   
 
                 age    
            -------- 
     wmac       0.52 
  wmrspan       0.52 
    dfben      -0.10 
    tbffo      -0.30 
    tbfro      -0.34 
   intrus      -0.25 
   pspatt      -0.82 
   pslett      -0.82 
  rcepdet      -0.44 
  rcepinf      -0.44 
  rceadet      -0.47 
  rceainf      -0.47 
 
         Completely Standardized Total Effects of KSI on Y    
 






                 age    
            -------- 
     wmac       0.54 
  wmrspan       0.51 
    dfben      -0.10 
    tbffo      -0.30 
    tbfro      -0.34 
   intrus      -0.25 
   pspatt      -0.83 
   pslett      -0.80 
  rcepdet      -0.42 
  rcepinf      -0.46 
  rceadet      -0.46 
  rceainf      -0.47 
 
                    Time used:    0.047 Seconds 







9.I.b ADULT FINAL MODEL 
L I S R E L  8.53 
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 The following lines were read from file C:\Documents and 
Settings\derib\Bureau\LisrelPhD\Young\1o.LS8: 
 
 modello globale 
   
 DA NI=23 NO=148 MA=CM 
   
 LA 
 Age Age2 dfben tbffo tbfro intrus wmac wmrspan intrss npr facrss hayrr 
hayrtr rcepdet rcepinf rceadet rceainf rcep rcea rctot rcetot pspatt pslett 
   
 se 
 !2 working memory 1 2 
 wmac wmrspan 
 !4 deletion/inhibition 3 4 5 6 
 dfben tbffo tbfro intrus 
 !2 processing speed 7 8 
 pspatt pslett 
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                           Number of Input Variables 23 
                           Number of Y - Variables   12 






                           Number of X - Variables    1 
                           Number of ETA - Variables  5 
                           Number of KSI - Variables  1 
                           Number of Observations   148 
 
 modello globale                                                                 
 
         Covariance Matrix        
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 
     wmac       1.00 
  wmrspan       0.49       1.00 
    dfben      -0.15      -0.08       1.00 
    tbffo      -0.12      -0.23       0.20       1.00 
    tbfro      -0.04      -0.16       0.42       0.30       1.00 
   intrus      -0.32      -0.62       0.10       0.24       0.16       1.00 
   pspatt      -0.38      -0.41       0.07       0.21       0.20       0.33 
   pslett      -0.41      -0.35       0.07       0.20       0.13       0.25 
  rcepdet      -0.22      -0.32       0.05      -0.03       0.09       0.24 
  rcepinf      -0.20      -0.21       0.08       0.18       0.14       0.13 
  rceadet      -0.29      -0.31       0.25       0.20       0.10       0.10 
  rceainf      -0.31      -0.22       0.21       0.14      -0.01       0.13 
      Age      -0.43      -0.43       0.09       0.23       0.16       0.24 
 
         Covariance Matrix        
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
   pspatt       1.00 
   pslett       0.88       1.00 
  rcepdet       0.14       0.14       1.00 
  rcepinf       0.09       0.11       0.23       1.00 
  rceadet       0.24       0.23       0.17       0.31       1.00 
  rceainf       0.23       0.29       0.23       0.22       0.53       1.00 
      Age       0.76       0.78       0.17       0.19       0.39       0.36 
 
         Covariance Matrix        
 
                 Age    
            -------- 
      Age       1.00 
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 Parameter Specifications 
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT 
            --------   --------   --------   --------   -------- 
     wmac          1          0          0          0          0 
  wmrspan          1          0          0          0          0 
    dfben          0          2          0          0          0 
    tbffo          0          3          0          0          0 
    tbfro          0          4          0          0          0 
   intrus          0          5          0          0          0 
   pspatt          0          0          6          0          0 
   pslett          0          0          6          0          0 
  rcepdet          0          0          0          7          0 






  rcepinf          0          0          0          7          0 
  rceadet          0          0          0          0          8 
  rceainf          0          0          0          0          8 
 
         BETA         
 
                  Wm        Del         Ps         TC         MT 
            --------   --------   --------   --------   -------- 
       Wm          0          9         10          0          0 
      Del          0          0          0          0          0 
       Ps          0          0          0          0          0 
       TC         11          0          0          0          0 
       MT         12          0          0          0          0 
 
         GAMMA        
 
                 age 
            -------- 
       Wm          0 
      Del         13 
       Ps         14 
       TC          0 
       MT          0 
 
         PHI          
 
                 age 
            -------- 
                  15 
 
         THETA-EPS    
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus 
            --------   --------   --------   --------   --------   -------- 
     wmac         16 
  wmrspan          0         17 
    dfben          0          0         18 
    tbffo          0          0          0         19 
    tbfro          0          0          0          0         20 
   intrus          0         21          0          0          0         22 
   pspatt          0          0          0          0          0          0 
   pslett          0          0          0          0          0          0 
  rcepdet          0          0          0          0          0          0 
  rcepinf          0          0          0          0          0          0 
  rceadet          0          0          0          0          0          0 
  rceainf          0          0          0          0          0          0 
 
         THETA-EPS    
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf 
            --------   --------   --------   --------   --------   -------- 
   pspatt         23 
   pslett          0         24 
  rcepdet          0          0         25 
  rcepinf          0          0          0         26 
  rceadet          0          0          0          0         27 
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 Number of Iterations = 24 
 
 LISREL Estimates (Maximum Likelihood)                
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.43        - -        - -        - -        - - 
              (0.06) 
                7.39 
  
  wmrspan       0.43        - -        - -        - -        - - 
              (0.06) 
                7.39 
  
    dfben        - -       0.46        - -        - -        - - 
                         (0.10) 
                           4.76 
  
    tbffo        - -       0.45        - -        - -        - - 
                         (0.10) 
                           4.69 
  
    tbfro        - -       0.50        - -        - -        - - 
                         (0.10) 
                           5.08 
  
   intrus        - -       0.35        - -        - -        - - 
                         (0.09) 
                           4.12 
  
   pspatt        - -        - -       0.53        - -        - - 
                                    (0.04) 
                                     14.02 
  
   pslett        - -        - -       0.53        - -        - - 
                                    (0.04) 
                                     14.02 
  
  rcepdet        - -        - -        - -       0.33        - - 
                                               (0.12) 
                                                 2.75 
  
  rcepinf        - -        - -        - -       0.33        - - 
                                               (0.12) 
                                                 2.75 
  
  rceadet        - -        - -        - -        - -       0.54 
                                                          (0.07) 
                                                            7.45 
  
  rceainf        - -        - -        - -        - -       0.54 
                                                          (0.07) 
                                                            7.45 
  
 
         LAMBDA-X     
 
                 age    






            -------- 
      Age       1.00 
  
 
         BETA         
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.61      -0.34        - -        - - 
                         (0.20)     (0.09) 
                          -3.12      -3.84 
  
      Del        - -        - -        - -        - -        - - 
  
       Ps        - -        - -        - -        - -        - - 
  
       TC      -0.75        - -        - -        - -        - - 
              (0.34) 
               -2.19 
  
       MT      -0.63        - -        - -        - -        - - 
              (0.16) 
               -3.93 
  
 
         GAMMA        
 
                 age    
            -------- 
       Wm        - - 
  
      Del       0.44 
              (0.12) 
                3.57 
  
       Ps       1.45 
              (0.14) 
               10.54 
  
       TC        - - 
  
       MT        - - 
  
 
         Covariance Matrix of ETA and KSI         
 
            Wm        Del         Ps         TC         MT        age    
            --------   --------   --------   --------   --------   ------- 
       Wm       2.06 
      Del      -0.95       1.20 
       Ps      -1.43       0.64       3.09 
       TC      -1.55       0.71       1.08       2.17 
       MT      -1.30       0.60       0.90       0.98       1.82 
      age      -0.76       0.44       1.45       0.57       0.48       1.00 
 
         PHI          
 
                 age    
            -------- 
                1.00 
              (0.12) 






                8.57 
  
 
         PSI          
         Note: This matrix is diagonal. 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                1.00       1.00       1.00       1.00       1.00 
  
 
         Squared Multiple Correlations for Structural Equations   
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.51       0.16       0.68       0.54       0.45 
 
         Squared Multiple Correlations for Reduced Form           
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.28       0.16       0.68       0.15       0.12 
 
         Reduced Form                 
 
                 age    
            -------- 
       Wm      -0.76 
              (0.16) 
               -4.86 
  
      Del       0.44 
              (0.12) 
                3.57 
  
       Ps       1.45 
              (0.14) 
               10.54 
  
       TC       0.57 
              (0.26) 
                2.16 
  
       MT       0.48 
              (0.13) 
                3.77 
  
 
         THETA-EPS    
 
               wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   ------- 
     wmac       0.59 
              (0.09) 
                6.98 
  
  wmrspan        - -       0.56 
                         (0.08) 
                           6.74 
  
    dfben        - -        - -       0.75 






                                    (0.11) 
                                      6.75 
  
    tbffo        - -        - -        - -       0.76 
                                               (0.11) 
                                                 6.82 
  
    tbfro        - -        - -        - -        - -       0.71 
                                                          (0.11) 
                                                            6.32 
  
   intrus        - -      -0.39        - -        - -        - -       0.84 
                         (0.07)                                      (0.11) 
                          -5.28                                        7.69 
  
   pspatt        - -        - -        - -        - -        - -        - - 
  
   pslett        - -        - -        - -        - -        - -        - - 
  
  rcepdet        - -        - -        - -        - -        - -        - - 
  
  rcepinf        - -        - -        - -        - -        - -        - - 
  
  rceadet        - -        - -        - -        - -        - -        - - 
  
  rceainf        - -        - -        - -        - -        - -        - - 
  
 
         THETA-EPS    
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
   pspatt       0.13 
              (0.03) 
                4.72 
  
   pslett        - -       0.11 
                         (0.03) 
                           4.09 
  
  rcepdet        - -        - -       0.77 
                                    (0.12) 
                                      6.61 
  
  rcepinf        - -        - -        - -       0.77 
                                               (0.12) 
                                                 6.61 
  
  rceadet        - -        - -        - -        - -       0.44 
                                                          (0.08) 
                                                            5.50 
  
  rceainf        - -        - -        - -        - -        - -       0.50 
                                                                     (0.09) 
                                                                       5.89 
  
 
         Squared Multiple Correlations for Y - Variables          
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 






                0.39       0.41       0.25       0.24       0.29       0.15 
 
         Squared Multiple Correlations for Y - Variables          
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
                0.87       0.89       0.23       0.23       0.54       0.51 
 
         Squared Multiple Correlations for X - Variables          
 
                 Age    
            -------- 
                1.00 
 
 
                           Goodness of Fit Statistics 
 
                             Degrees of Freedom = 63 
              Minimum Fit Function Chi-Square = 102.91 (P = 0.0011) 
       Normal Theory Weighted Least Squares Chi-Square = 98.97 (P = 0.0026) 
                 Estimated Non-centrality Parameter (NCP) = 35.97 
             90 Percent Confidence Interval for NCP = (12.84 ; 67.03) 
  
                        Minimum Fit Function Value = 0.70 
                Population Discrepancy Function Value (F0) = 0.24 
              90 Percent Confidence Interval for F0 = (0.087 ; 0.46) 
             Root Mean Square Error of Approximation (RMSEA) = 0.061 
            90 Percent Confidence Interval for RMSEA = (0.037 ; 0.085) 
               P-Value for Test of Close Fit (RMSEA < 0.05) = 0.19 
  
                  Expected Cross-Validation Index (ECVI) = 1.05 
             90 Percent Confidence Interval for ECVI = (0.90 ; 1.27) 
                         ECVI for Saturated Model = 1.24 
                        ECVI for Independence Model = 6.94 
  
      Chi-Square for Independence Model with 78 Degrees of Freedom = 994.47 
                            Independence AIC = 1020.47 
                                Model AIC = 154.97 
                              Saturated AIC = 182.00 
                           Independence CAIC = 1072.43 
                               Model CAIC = 266.89 
                             Saturated CAIC = 545.75 
  
                          Normed Fit Index (NFI) = 0.90 
                        Non-Normed Fit Index (NNFI) = 0.95 
                     Parsimony Normed Fit Index (PNFI) = 0.72 
                        Comparative Fit Index (CFI) = 0.96 
                        Incremental Fit Index (IFI) = 0.96 
                         Relative Fit Index (RFI) = 0.87 
  
                             Critical N (CN) = 132.44 
  
  
                     Root Mean Square Residual (RMR) = 0.073 
                             Standardized RMR = 0.073 
                        Goodness of Fit Index (GFI) = 0.91 
                   Adjusted Goodness of Fit Index (AGFI) = 0.86 
                  Parsimony Goodness of Fit Index (PGFI) = 0.63 
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 Standardized Solution            
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.62        - -        - -        - -        - - 
  wmrspan       0.62        - -        - -        - -        - - 
    dfben        - -       0.50        - -        - -        - - 
    tbffo        - -       0.49        - -        - -        - - 
    tbfro        - -       0.54        - -        - -        - - 
   intrus        - -       0.39        - -        - -        - - 
   pspatt        - -        - -       0.94        - -        - - 
   pslett        - -        - -       0.94        - -        - - 
  rcepdet        - -        - -        - -       0.48        - - 
  rcepinf        - -        - -        - -       0.48        - - 
  rceadet        - -        - -        - -        - -       0.73 
  rceainf        - -        - -        - -        - -       0.73 
 
         LAMBDA-X     
 
                 age    
            -------- 
      Age       1.00 
 
         BETA         
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.47      -0.41        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC      -0.73        - -        - -        - -        - - 
       MT      -0.67        - -        - -        - -        - - 
 
         GAMMA        
 
                 age    
            -------- 
       Wm        - - 
      Del       0.41 
       Ps       0.82 
       TC        - - 
       MT        - - 
 
         Correlation Matrix of ETA and KSI        
 
                  Wm        Del         Ps         TC         MT        age    
            --------   --------   --------   --------   --------   -------- 
       Wm       1.00 
      Del      -0.60       1.00 
       Ps      -0.57       0.33       1.00 
       TC      -0.73       0.44       0.42       1.00 
       MT      -0.67       0.40       0.38       0.49       1.00 
      age      -0.53       0.41       0.82       0.39       0.35       1.00 
 
         PSI          
         Note: This matrix is diagonal. 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 






                0.49       0.84       0.32       0.46       0.55 
 
         Regression Matrix ETA on KSI (Standardized)  
 
                 age    
            -------- 
       Wm      -0.53 
      Del       0.41 
       Ps       0.82 
       TC       0.39 
       MT       0.35 
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 Completely Standardized Solution 
 
         LAMBDA-Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.63        - -        - -        - -        - - 
  wmrspan       0.64        - -        - -        - -        - - 
    dfben        - -       0.50        - -        - -        - - 
    tbffo        - -       0.49        - -        - -        - - 
    tbfro        - -       0.54        - -        - -        - - 
   intrus        - -       0.39        - -        - -        - - 
   pspatt        - -        - -       0.93        - -        - - 
   pslett        - -        - -       0.94        - -        - - 
  rcepdet        - -        - -        - -       0.48        - - 
  rcepinf        - -        - -        - -       0.48        - - 
  rceadet        - -        - -        - -        - -       0.74 
  rceainf        - -        - -        - -        - -       0.72 
 
         LAMBDA-X     
 
                 age    
            -------- 
      Age       1.00 
 
         BETA         
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.47      -0.41        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC      -0.73        - -        - -        - -        - - 
       MT      -0.67        - -        - -        - -        - - 
 
         GAMMA        
 
                 age    
            -------- 
       Wm        - - 
      Del       0.41 
       Ps       0.82 
       TC        - - 
       MT        - - 
 
         Correlation Matrix of ETA and KSI        
 






                  Wm        Del         Ps         TC         MT        age    
            --------   --------   --------   --------   --------   -------- 
       Wm       1.00 
      Del      -0.60       1.00 
       Ps      -0.57       0.33       1.00 
       TC      -0.73       0.44       0.42       1.00 
       MT      -0.67       0.40       0.38       0.49       1.00 
      age      -0.53       0.41       0.82       0.39       0.35       1.00 
 
         PSI          
         Note: This matrix is diagonal. 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
                0.49       0.84       0.32       0.46       0.55 
 
         THETA-EPS    
 
                wmac    wmrspan      dfben      tbffo      tbfro     intrus    
            --------   --------   --------   --------   --------   -------- 
     wmac       0.61 
  wmrspan        - -       0.59 
    dfben        - -        - -       0.75 
    tbffo        - -        - -        - -       0.76 
    tbfro        - -        - -        - -        - -       0.71 
   intrus        - -      -0.41        - -        - -        - -       0.85 
   pspatt        - -        - -        - -        - -        - -        - - 
   pslett        - -        - -        - -        - -        - -        - - 
  rcepdet        - -        - -        - -        - -        - -        - - 
  rcepinf        - -        - -        - -        - -        - -        - - 
  rceadet        - -        - -        - -        - -        - -        - - 
  rceainf        - -        - -        - -        - -        - -        - - 
 
         THETA-EPS    
 
              pspatt     pslett    rcepdet    rcepinf    rceadet    rceainf    
            --------   --------   --------   --------   --------   -------- 
   pspatt       0.13 
   pslett        - -       0.11 
  rcepdet        - -        - -       0.77 
  rcepinf        - -        - -        - -       0.77 
  rceadet        - -        - -        - -        - -       0.46 
  rceainf        - -        - -        - -        - -        - -       0.49 
 
         Regression Matrix ETA on KSI (Standardized)  
 
                 age    
            -------- 
       Wm      -0.53 
      Del       0.41 
       Ps       0.82 
       TC       0.39 
       MT       0.35 
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 Total and Indirect Effects 
 
         Total Effects of KSI on ETA  
 
                 age    






            -------- 
       Wm      -0.76 
              (0.16) 
               -4.86 
  
      Del       0.44 
              (0.12) 
                3.57 
  
       Ps       1.45 
              (0.14) 
               10.54 
  
       TC       0.57 
              (0.26) 
                2.16 
  
       MT       0.48 
              (0.13) 
                3.77 
  
 
         Indirect Effects of KSI on ETA   
 
                 age    
            -------- 
       Wm      -0.76 
              (0.16) 
               -4.86 
  
      Del        - - 
  
       Ps        - - 
  
       TC       0.57 
              (0.26) 
                2.16 
  
       MT       0.48 
              (0.13) 
                3.77 
  
 
         Total Effects of ETA on ETA  
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.61      -0.34        - -        - - 
                         (0.20)     (0.09) 
                          -3.12      -3.84 
  
      Del        - -        - -        - -        - -        - - 
  
       Ps        - -        - -        - -        - -        - - 
  
       TC      -0.75       0.46       0.25        - -        - - 
              (0.34)     (0.23)     (0.13) 
               -2.19       1.97       2.00 
  
       MT      -0.63       0.38       0.21        - -        - - 
              (0.16)     (0.13)     (0.07) 






               -3.93       2.96       3.07 
  
 
    Largest Eigenvalue of B*B' (Stability Index) is   0.963 
 
         Indirect Effects of ETA on ETA   
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -        - -        - -        - -        - - 
  
      Del        - -        - -        - -        - -        - - 
  
       Ps        - -        - -        - -        - -        - - 
  
       TC        - -       0.46       0.25        - -        - - 
                         (0.23)     (0.13) 
                           1.97       2.00 
  
       MT        - -       0.38       0.21        - -        - - 
                         (0.13)     (0.07) 
                           2.96       3.07 
  
 
         Total Effects of ETA on Y    
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.43      -0.26      -0.15        - -        - - 
              (0.06)     (0.07)     (0.04) 
                7.39      -3.69      -4.13 
  
  wmrspan       0.43      -0.26      -0.15        - -        - - 
              (0.06)     (0.07)     (0.04) 
                7.39      -3.69      -4.13 
  
    dfben        - -       0.46        - -        - -        - - 
                         (0.10) 
                           4.76 
  
    tbffo        - -       0.45        - -        - -        - - 
                         (0.10) 
                           4.69 
  
    tbfro        - -       0.50        - -        - -        - - 
                         (0.10) 
                           5.08 
  
   intrus        - -       0.35        - -        - -        - - 
                         (0.09) 
                           4.12 
  
   pspatt        - -        - -       0.53        - -        - - 
                                    (0.04) 
                                     14.02 
  
   pslett        - -        - -       0.53        - -        - - 
                                    (0.04) 
                                     14.02 
  
  rcepdet      -0.25       0.15       0.08       0.33        - - 






              (0.05)     (0.05)     (0.03)     (0.12) 
               -4.46       3.15       3.26       2.75 
  
  rcepinf      -0.25       0.15       0.08       0.33        - - 
              (0.05)     (0.05)     (0.03)     (0.12) 
               -4.46       3.15       3.26       2.75 
  
  rceadet      -0.34       0.21       0.11        - -       0.54 
              (0.06)     (0.06)     (0.03)                (0.07) 
               -5.38       3.43       3.59                  7.45 
  
  rceainf      -0.34       0.21       0.11        - -       0.54 
              (0.06)     (0.06)     (0.03)                (0.07) 
               -5.38       3.43       3.59                  7.45 
  
 
         Indirect Effects of ETA on Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac        - -      -0.26      -0.15        - -        - - 
                         (0.07)     (0.04) 
                          -3.69      -4.13 
  
  wmrspan        - -      -0.26      -0.15        - -        - - 
                         (0.07)     (0.04) 
                          -3.69      -4.13 
  
    dfben        - -        - -        - -        - -        - - 
  
    tbffo        - -        - -        - -        - -        - - 
  
    tbfro        - -        - -        - -        - -        - - 
  
   intrus        - -        - -        - -        - -        - - 
  
   pspatt        - -        - -        - -        - -        - - 
  
   pslett        - -        - -        - -        - -        - - 
  
  rcepdet      -0.25       0.15       0.08        - -        - - 
              (0.05)     (0.05)     (0.03) 
               -4.46       3.15       3.26 
  
  rcepinf      -0.25       0.15       0.08        - -        - - 
              (0.05)     (0.05)     (0.03) 
               -4.46       3.15       3.26 
  
  rceadet      -0.34       0.21       0.11        - -        - - 
              (0.06)     (0.06)     (0.03) 
               -5.38       3.43       3.59 
  
  rceainf      -0.34       0.21       0.11        - -        - - 
              (0.06)     (0.06)     (0.03) 
               -5.38       3.43       3.59 
  
 
         Total Effects of KSI on Y    
 
                 age    
            -------- 






     wmac      -0.33 
              (0.05) 
               -6.16 
  
  wmrspan      -0.33 
              (0.05) 
               -6.16 
  
    dfben       0.20 
              (0.06) 
                3.22 
  
    tbffo       0.20 
              (0.06) 
                3.20 
  
    tbfro       0.22 
              (0.07) 
                3.34 
  
   intrus       0.16 
              (0.05) 
                2.97 
  
   pspatt       0.77 
              (0.05) 
               15.97 
  
   pslett       0.77 
              (0.05) 
               15.97 
  
  rcepdet       0.19 
              (0.04) 
                4.15 
  
  rcepinf       0.19 
              (0.04) 
                4.15 
  
  rceadet       0.26 
              (0.05) 
                4.88 
  
  rceainf       0.26 
              (0.05) 
                4.88 
  
 
 modello globale                                                                 
 
 Standardized Total and Indirect Effects 
 
         Standardized Total Effects of KSI on ETA 
 
                 age    
            -------- 
       Wm      -0.53 
      Del       0.41 
       Ps       0.82 
       TC       0.39 






       MT       0.35 
 
         Standardized Indirect Effects of KSI on ETA  
 
                 age    
            -------- 
       Wm      -0.53 
      Del        - - 
       Ps        - - 
       TC       0.39 
       MT       0.35 
 
         Standardized Total Effects of ETA on ETA 
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -      -0.47      -0.41        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC      -0.73       0.34       0.30        - -        - - 
       MT      -0.67       0.31       0.28        - -        - - 
 
         Standardized Indirect Effects of ETA on ETA  
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
       Wm        - -        - -        - -        - -        - - 
      Del        - -        - -        - -        - -        - - 
       Ps        - -        - -        - -        - -        - - 
       TC        - -       0.34       0.30        - -        - - 
       MT        - -       0.31       0.28        - -        - - 
 
         Standardized Total Effects of ETA on Y   
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.62      -0.29      -0.26        - -        - - 
  wmrspan       0.62      -0.29      -0.26        - -        - - 
    dfben        - -       0.50        - -        - -        - - 
    tbffo        - -       0.49        - -        - -        - - 
    tbfro        - -       0.54        - -        - -        - - 
   intrus        - -       0.39        - -        - -        - - 
   pspatt        - -        - -       0.94        - -        - - 
   pslett        - -        - -       0.94        - -        - - 
  rcepdet      -0.35       0.16       0.14       0.48        - - 
  rcepinf      -0.35       0.16       0.14       0.48        - - 
  rceadet      -0.49       0.23       0.20        - -       0.73 
  rceainf      -0.49       0.23       0.20        - -       0.73 
 
         Completely Standardized Total Effects of ETA on Y    
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac       0.63      -0.29      -0.26        - -        - - 
  wmrspan       0.64      -0.30      -0.26        - -        - - 
    dfben        - -       0.50        - -        - -        - - 
    tbffo        - -       0.49        - -        - -        - - 
    tbfro        - -       0.54        - -        - -        - - 
   intrus        - -       0.39        - -        - -        - - 
   pspatt        - -        - -       0.93        - -        - - 
   pslett        - -        - -       0.94        - -        - - 






  rcepdet      -0.35       0.16       0.14       0.48        - - 
  rcepinf      -0.35       0.16       0.14       0.48        - - 
  rceadet      -0.49       0.23       0.20        - -       0.74 
  rceainf      -0.48       0.22       0.20        - -       0.72 
 
         Standardized Indirect Effects of ETA on Y    
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac        - -      -0.29      -0.26        - -        - - 
  wmrspan        - -      -0.29      -0.26        - -        - - 
    dfben        - -        - -        - -        - -        - - 
    tbffo        - -        - -        - -        - -        - - 
    tbfro        - -        - -        - -        - -        - - 
   intrus        - -        - -        - -        - -        - - 
   pspatt        - -        - -        - -        - -        - - 
   pslett        - -        - -        - -        - -        - - 
  rcepdet      -0.35       0.16       0.14        - -        - - 
  rcepinf      -0.35       0.16       0.14        - -        - - 
  rceadet      -0.49       0.23       0.20        - -        - - 
  rceainf      -0.49       0.23       0.20        - -        - - 
 
         Completely Standardized Indirect Effects of ETA on Y     
 
                  Wm        Del         Ps         TC         MT    
            --------   --------   --------   --------   -------- 
     wmac        - -      -0.29      -0.26        - -        - - 
  wmrspan        - -      -0.30      -0.26        - -        - - 
    dfben        - -        - -        - -        - -        - - 
    tbffo        - -        - -        - -        - -        - - 
    tbfro        - -        - -        - -        - -        - - 
   intrus        - -        - -        - -        - -        - - 
   pspatt        - -        - -        - -        - -        - - 
   pslett        - -        - -        - -        - -        - - 
  rcepdet      -0.35       0.16       0.14        - -        - - 
  rcepinf      -0.35       0.16       0.14        - -        - - 
  rceadet      -0.49       0.23       0.20        - -        - - 
  rceainf      -0.48       0.22       0.20        - -        - - 
 
         Standardized Total Effects of KSI on Y   
 
                 age    
            -------- 
     wmac      -0.33 
  wmrspan      -0.33 
    dfben       0.20 
    tbffo       0.20 
    tbfro       0.22 
   intrus       0.16 
   pspatt       0.77 
   pslett       0.77 
  rcepdet       0.19 
  rcepinf       0.19 
  rceadet       0.26 
  rceainf       0.26 
 
         Completely Standardized Total Effects of KSI on Y    
 
                 age    
            -------- 
     wmac      -0.33 






  wmrspan      -0.34 
    dfben       0.20 
    tbffo       0.20 
    tbfro       0.22 
   intrus       0.16 
   pspatt       0.77 
   pslett       0.78 
  rcepdet       0.19 
  rcepinf       0.19 
  rceadet       0.26 
  rceainf       0.25 
 
Time used:    0.031 Seconds 




















A.10. EXPERIMENTAL READING COMPREHENSION TASK 
 
A.10.I. TEXT CHARACTERISTICS 
Table A.22. Experimental Reading Comprehension test: texts characteristics. 
Number of words, number of characters, propositions, sentences and lexical 
density by texts 
 Words Characters Propositions Sentences count Lexical Density* 
Text A 54 259 8 2 100 
Text B 59 266 9 3 96.6 
Text C 92 409 11 4 93.5 
Text D 91 480 13 6 94.1 
Text E 140 701 22 7 83.5 
Text F 135 627 19 4 84.7 
Text G 145 706 21 10 87.7 











A.10.II. QUESTIONS CHARACTERISTICS  
Table A.23. Experimental Reading Comprehension test: total number of words, 













































                                                 
14 The order of question presentation was fixed. 
 
 Type of question Number of words Number of syllables  Number of characters  
Text A     
1 D 10 15 41 
2 I 8 15 36 
3 D 9 13 41 
4 I 9 16 42 
5 D 9 13 37 
6 I 9 14 40 
Text B     
1 D 8 14 37 
2 I 8 13 36 
3 D 9 16 43 
4 I 9 10 34 
5 D 7 14 31 
6 I 7 14 39 
Text C     
1 D 9 14 41 
2 I 9 13 41 
3 D 8 15 38 
4 I 9 15 41 
5 D 11 18 48 
6 I 8 13 40 
Text D     
1 D 9 15 43 
2 I 8 15 45 
3 D 9 16 45 
4 I 9 16 45 
5 D 9 16 40 
6 I 10 15 39 
Text E     
1 D 8 15 40 
2 I 8 14 42 
3 D 10 16 46 
4 I 8 13 41 
5 D 8 15 41 
6 I 9 16 42 
Text F     
1 D 7 15 42 
2 I 9 15 38 
3 D 10 17 46 
4 I 10 16 46 
5 D 10 14 37 
6 I 10 14 47 
Text G     
1 D 8 14 44 
2 I 9 14 48 
3 D 11 13 39 
4 I 11 15 52 
5 D 10 16 46 
6 I 11 14 52 
Text H     
1 D 9 18 42 
2 I 11 14 36 
3 D 8 15 42 
4 I 9 16 41 
5 D 10 13 41 
6 I 10 15 41 






A.10.III. PROPORTION OF SELF-CORRECTIONS AND VOICE KEY-
ERRORS 
Table A.24. Experimental Reading Comprehension test: proportion of self-corrections, 
voice-key errors by text presentation condition, type of question and age  
  Self-corrections Key errors 
  Comprehension Memory Comprehension Memory 
  Detail Inference Detail Inference Detail Inference Detail Inference 
10 yo M .02 .01 .01 .01 .20 .22 .09 .04 
 SD .05 .04 .03 .03 .10 .23 .12 .07 
11 yo M .01 .02 .00 .01 .17 .20 .07 .06 
 SD .04 .05 .00 .03 .11 .18 .09 .14 
12 yo M .01 .01     .00 .02 .17 .24 .07 .07 
 SD .03 .03 .02 .04 .16 .16 .07 .13 
Young A M .00 .02 .02 .00 .05 .05 .01 .03 
 SD .02 .08 .05 .00 .08 .09 .04 .07 
Young B M .01 .01 .01 .01 .02 .04 .01 .02 
 SD .03 .04 .04 .03 .05 .06 .03 .05 
Young-old M .01 .03 .02 .01 .04 .05 .02 .04 
 SD .04 .06 .04 .03 .07 .07 .05 .07 
Old-old M .02 .03 .02 .01 .07 .06 .05 .02 
 SD .07 .06 .05 .03 .10 .08 .07 .07 
 
 
A.10.IV. THRESHOLDS FOR RESPONSE TIMES  
Table A.25. Experimental Reading Comprehension test: median 
response times (90th percentile) by text presentation condition, 
type of questions, and age group, used as thresholds.  
  Comprehension Memory 
  Detail Inference Detail Inference 
10 yo M 13319.15 16355.20 9907.00 12946.80 
11 yo M 9875.90 14913.90 8288.60 9985.55 
12 yo M 11209.25 16914.75 7473.75 8710.75 
Young A M 5893.40 6770.50 4585.10 4962.70 
Young B M 5548.40 6423.30 4503.70 5059.40 
Young-old M 6263.80 7276.80 6801.20 6505.20 
Old-old M 5804.80 7266.40 6378.00 6465.00 
 
Response times exceeding the above values were excluded. 







A.10.V. PROPORTION OF VALID RESPONSE TIMES 
Table A.26. Experimental Reading Comprehension test: 
proportion of valid response times11 by text presentation 
condition, type of question and age.  
  Comprehension Memory 
  Detail Inference Detail Inference 
10 yo M .59 .52 .53 .51 
 SD .13 .19 .13 .15 
11 yo M .59 .52 .54 .52 
 SD .20 .19 .18 .16 
12 yo M .65 .52 .53 .49 
 SD .17 .20 .18 .19 
Young A M .66 .59 .68 .63 
 SD .19 .22 .23 .23 
Young B M .65 .52 .68 .58 
 SD .16 .18 .23 .20 
Young-old M .68 .53 .63 .51 
 SD .19 .21 .21 .21 
Old-old M .58 .53 .58 .51 
 SD .20 .17 .22 .18 
 
                                                 
11 Correct and semi-correct answers. 







Table A.27. Experimental Reading Comprehension test: median 
response times and number of valid cases (means and standard 
deviation) by text presentation condition and type of question 
by age.  
  Comprehension Memory 
    Detail Inference Detail Inference 
10 yo N* 15 9 9 10 
 M 5940.93 7239.28 5182.22 5967.55 
 SD 1354.50 1805.33 1840.72 1465.40 
11 yo N 12 11 10 11 
 M 5212.25 5778.1818 4649.25 5530.09 
 SD 1369.697 1504.23122 1268.079 1478.278 
12 yo N 19 16 15 11 
 M 5677.79 7693.125 4283.43 4664.68 
 SD 1505.36 2433.58156 824.364 974.651 
Young A N 3435.90 3666.45 2833.59 2979.19 
 M 44.00 43.00 43.00 45.00 
 SD 864.34 1023.85 632.65 700.78 
Young B N 45 38 42 40 
 M 3248.37 3351.45 2661.51 3002.20 
 SD 512.55 764.32 410.18 603.06 
Young-old N 57 46 56 44 
 M 3303.55 3778.64 3337.11 3214.46 
 SD 810.74 1125.22 905.12 794.85 
Old-old N 43 43 43 40 
 M 3182.34 3428.78 3532.45 3275.45 
  SD 707.57 948.38 950.27 907.64 
* N= number of valid cases 
 







A.11. READING SPAN TASK 
A.11.I. RELIABILITY COEFFICIENTS 
Table A.28. Reading Span test: reliability coefficients (split-half 
procedure with the Spearman-Brown correction) for the median judgment 
time for correct responses in the Semantic Judgment task and in the 
Reading span task; for the total number of words correctly recalled, 
independently of presentation order, and the number of correct items 
















A.11.II. CORRECT ITEMS 
Table A.29. Reading Span Test: proportion of 
correct items (means and standard deviations) for 
the Semantic Judgment task and Reading Span task 












 Semantic Judgment Reading Span 










10 yo .95 _ .98 _ .73 _ 
11 yo .97 _ .96 .78 .64 _ 
12 yo .77 _ .91 .76 .72 _ 
Young A .91 _ .95 _ .85 .85 
Young B .93 _ .96 .43 .77 .74 
Young-old .94 _ .97 _ .82 .80 
Old-old .94 _ .94 .85 .85 .78 
All .96 _ .97 .74 .82 .81 
    Semantic Judgment  Reading Span  
10 yo M .91 .82 
 SD .06 .11 
11 yo M .92 .81 
 SD .07 .14 
12 yo M .95 .83 
 SD .05 .14 
Young A M .98 .92 
 SD .04 .07 
Young B M .95 .92 
 SD .05 .10 
Young-Old M .96 .93 
 SD .05 .08 
Old-Old M .95 .91 
 SD .06 .15 







A.11.III. MATRICES TASK 
11.III.a CORRECT CLASSES 
Table A.30. Matrices: mean classes succeeded (means and standard deviations) by 
condition, and age group.  
    Positions Words  Dual verbal  
10 yo M 2.57 3.56 2.31 
 SD .43 .33 .39 
11 yo M 2.92 3.46 2.45 
 SD .42 .48 .34 
12 yo M 3.03 3.57 2.54 
 SD .69 .40 .43 
Children M 2.86 3.53 2.45 
 SD .57 .40 .40 
Young A M 3.24 4.02 2.94 
 SD .67 .51 .44 
Young B M 3.34 4.15 2.81 
 SD .84 .56 .49 
Young-Old M 2.56 3.83 2.51 
 SD .48 .43 .39 
Old-Old M 2.51 3.63 2.45 
 SD .42 .47 .43 
 
11.III.b CORRECT ITEMS 
Table A.31. Matrices: proportion of correct items (means and standard deviations) by 
condition, and age group.  
  Positions Words Dual verbal 
10 yo M .52 .62 .37 
 SD .11 .04 .13 
11 yo M .56 .60 .45 
 SD .11 .06 .13 
12 yo M .63 .61 .47 
 SD .12 .05 .10 
Children M .58 .61 .43 
 SD .12 .05 .12 
Young A M .60 .60 .55 
 SD .10 .06 .07 
Young B M .60 .60 .56 
 SD .12 .07 .07 
Young-Old M .47 .60 .51 
 SD .09 .06 .08 
Old-Old M .48 .57 .47 
 SD .09 .09 .11 
 
 







A.11.IV. STROOP COLOR TASK 
11.IV.a VALID CASES 
Table A.32. Stroop Color test: mean number of valid items per condition and, by 
age group.  
  Congruent Incongruent Prime Probe Control I Control II 
10 yo M 23.38 21.44 21.44 20.72 22.61 23.27 
 SD .69 .1.58 1.75 2.10 1.14 1.07 
11 yo M 23.11 21.61 20.83 20.88 22.94 23.44 
 SD .96 1.57 1.91 1.93 1.16 .61 
12 yo M 22.95 21.04 21.20 20.83 22.16 23.20 
 SD 1.08 2.61 2.32 1.80 1.27 1.17 
Young A M 23.51 22.91 22.93 22.87 23.44 23.59 
 SD .77 1.39 1.32 1.65 .85 .90 
Young B M 23.68 23.06 23.17 22.89 23.46 23.78 
 SD .75 1.16 1.18 1.23 1.29 .65 
Young-old M 23.22 22.50 22.83 22.57 23.31 23.34 
 SD .75 1.55 1.46 1.59 .97 .87 
Old-old M 23.22 22.07 21.66 2.85 22.94 23.13 
 SD .98 2.57 2.85 .39 2.15 1.59 
 
 
11.IV.b RELIABILITY COEFFICIENTS 
Table A.33. Stroop Color test: reliability coefficients computed with the split-half and odd-
even procedures with the Spearman-Brown correction by age group, and condition (median 
naming latencies). 













index 10 yo Split-half .92 .86 .97 .92 .85 .95 .76 - - 
 Odd-even .92 .83 .87 .95 .96 .92 - - - 
11 yo Split-half .91 .96 .93 .98 .92 .88 - .69 - 
 Odd-even .96 .98 .96 .89 .94 .97 .66 .88 - 
12 yo Split-half .90 .93 .97 .92 .89 .93 - - - 
 Odd-even .96 .94 .87 .84 .92 .91 - - - 
Young A Split-half .90 .92 .94 .93 .94 .95 .60 .73 - 
 Odd-even .92 .92 .95 .93 .94 .96 .54 .69 - 
Young B Split-half .92 .92 .89 .93 .89 .93 .45 .77 - 
 Odd-even .94 .90 .88 .92 .93 .94 .66 .77 - 
Young-old Split-half .88 .83 .85 .92 .87 .90 .76 .67 - 
 Odd-even .94 .90 .92 .88 .96 .94 .84 .65 - 
Old-old Split-half .87 .91 .75 .94 .91 .96 .79 .51 .41 
 Odd-even .86 .94 .81 .95 .94 .93 .83 - .44 
ALL  Split-half .90 .92 .91 .94 .92 .95 .67 .63 .39 
 







A.11.V. HAYLING TASK 
11.V.a PROPORTION OF VALID RESPONSE TIMES  
Table A.34. Hayling test: proportion of valid response times 
and not responded sentences (means and standard 
deviations) by Phase, and age group.  
 
 
 Phase A  Phase A’  
    RTs valid  Not responded or failures RTs valid 
10 yo M 0.86 0.00 0.47 
 SD 0.11 0.00 0.15 
11 yo M 0.82 0.00 0.51 
 SD 0.12 0.00 0.14 
12 yo M 0.83 0.00 0.56 
 SD 0.84 0.00 0.17 
Young A M 0.96 0.00 0.69 
 SD 0.05 0.01 0.19 
Young B M 0.95 0.10 0.69 
 SD 0.05 0.11 0.16 
Young-Old M 0.96 0.19 0.66 
 SD 0.05 0.14 0.17 
Old-Old M 0.94 0.18 0.66 
  SD 0.09 0.12 0.20 
 







A.11.VI. ANCOVA ANALYSES 
As the “ANCOVA adjustment procedure is equivalent to artificially assuming a common covariate 
distribution based on the combined sample over all group”, box plots (Figure 15 and 16) on the 
vocabulary scores and reading speed by age group were done, not to violate ANCOVA assumptions. 
Furthermore, interactions between the covariates and grouping variable were conducted to assess, 
indirectly, the homogeneity of slopes. Because non significant interactions were observed, the 




Figure 15. Vocabulary: mean score by age group. 
 
 



























































A.11.VII. SNF DESCRIPTIVE STATISTICS 
In this section descriptive statistics (N, means and standard deviations) of the data obtained by the 
SNF study are presented. These data have been compared with the results of the present study (see the 
Univariate Result section). 
 
11.VII.a DESCRIPTIVE STATISTICS  
Table A.35. Reading span test: means and standard 
deviations by age groups for the: mean number of 
words correctly recalled; median judgment times for 
the Semantic and Reading Span test. 
 Words recalled  Semantic Judgment Reading Span  
 N M SD N M SD N M SD 
 10 yo  52 2.41 .41 53 1179 907 53 2197 1326 
 11 yo  53 2.54 .40 50 3050 1138 50 4626 1746 
 12 yo  30 2.64 .34 28 2609 869 29 3751 1007 
 20 yo A  85 3.05 .37 82 1404 332 82 2097 590 
 20 yo B 85 3.12 .32 78 1320 393 79 2092 581 
 60-70 yo  71 2.73 .49 65 1867 507 65 2496 876 
 > 70 yo  72 2.50 .43 66 1781 366 66 2589 693 
 
Table A.36. Matrices test: means and standard deviations by age 
groups for the: mean number of words and positions correctly recalled 
in the simple and dual conditions; mean number of correct 
associations. 
 Matrices Simple  Matrices Double  Associations 
 Words  Positions Words   Positions   
 M SD  M SD M SD  M SD M SD 
10 yo (N=53) 2.90 .76  2.15 .67 2.14 .40  2.01 .37 1.63 .41 
11 yo (N=54) 3.06 .59  2.31 .67 2.31 .40  2.18 .36 1.80 .35 
12 yo (N=30) 3.41 .52  2.58 .74 2.46 .40  2.35 .46 1.96 .44 
20 yo A (N=82) 4.03 .46  3.03 .82 3.11 .45  2.89 .55 2.61 .52 
20 yo B (N=83) 4.08 .52  3.07 .82 3.14 .45  2.93 .53 2.64 .48 
< 70 yo (N=69) 3.82 .63  2.09 .57 2.69 .48  2.29 .59 2.11 .53 
> 70 yo (N=71) 3.53 .55  2.07 .55 2.55 .39  2.13 .50 1.94 .48 
 







Table A.37. Stroop Color test and Hayling Test: means and standard deviations by age groups for the: 
facilitation, interference, negative priming Stroop Color indexes; correct completions, response times 
Hayling indexes. 
 Stroop color Test 
Indexes 
Hayling Test 
Indexes  Facilitation Interference Negative Priming Correct completions Response times 
 N M SD N M SD N M SD N M SD N M SD 
10 yo 51 .009 .090 51 .048 .109 51 .046 .109 44 .121 .153 43 4.46 2.72 
11 yo 48 .004 .124 48 .044 .094 48 .031 .079 55 .148 .158 35 .513 .325 
12 yo 29 .008 .101 29 .075 .094 29 .004 .093 30 .137 .120 25 .601 .357 
20 yo A 84 .057 .095 84 .105 .066 84 .028 .082 83 .101 .111 80 1.037 .569 
20 yo B 83 .064 .112 83 .111 .082 83 .030 .074 85 .146 .139 79 1.090 .520 
60-70 yo 69 .016 .094 69 .100 .072 69 .028 .054 71 .174 .161 64 1.049 .453 
> 70 yo 69 .042 .143 69 .114 .105 69 .013 .070 72 .211 .184 62 .889 .334 
 
 
Table A.38. Processing speed tasks: means and standard 
deviations by age groups for the: mean completion times for 
the two pages for the letter and pattern comparisons.  
 Processing Speed  
Letter comparison 
Processing Speed  
Pattern Comparison  N M SD N M SD 
 10 yo  52 97.79 25.65 52 77.50 16.50 
 11 yo  55 84.62 27.00 55 68.31 11.86 
 12 yo  29 76.97 18.26 29 60.38 8.38 
 20 yo A  85 50.67 11.73 85 44.58 10.10 
 20 yo B 84 51.77 11.39 83 42.67 8.07 
 60-70 yo  70 77.37 19.38 71 66.08 19.55 




Table A.39. Verbal Fluency test, Raven test and Vocabulary: means and 
standard deviations by age groups for the: mean number of words 
correctly produced for the Verbal Fluency; mean number of problems 
correctly solved for the Raven test; mean score for the Vocabulary.  




Raven  Vocabulary 
 N M SD M SD N M SD N M SD 
 10 yo  51 14.90 5.85 11.18 4.83 52 33.88 7.54 -- -- -- 
 11 yo  53 17.45 6.66 12.68 6.00 54 37.06 7.44 -- -- -- 
 12 yo  29 19.07 6.32 17.43 5.53 30 40.30 8.65 -- -- -- 
 20 yo A  83 32.38 7.83 28.68 8.00 84 51.52 4.97 83 36.81 2.82 
 20 yo B 84 34.98 9.37 28.94 8.18 82 51.80 4.53 85 36.72 2.70 
 60-70 yo  68 33.88 7.29 28.36 7.10 67 38.63 8.93 71 39.23 3.42 



















MATERIAL AND STIMULI 








In this section test characteristics (material and stimuli) are presented.  
 
A.12. EXPERIMENTAL READING COMPREHENSION TEST 
A.12.I. TEXTS AND QUESTIONS PRESENTED 
TEXT A  
Il ne fallut guère plus de quelques minutes aux garçons pour escalader le mur qui bordait la propriété 
des Denis. Ils trouvèrent un sentier sur lequel Guillaume s'engagea aussitôt, bien qu'il fût le plus jeune, 
tandis que Thierry, qui ne manquait pas de courage, coupait à travers bois en direction des appels. 
1 D12  Combien de temps a-t-il fallu pour escalader le mur ? 
2 I Dans quel paysage naturel se passe ce rècit ?  
3 D Dans le récit, lequel des garçons suit le sentier ?      
4 I Combien de personnages y a-t-il dans cette histoire ? 
5 D Qui des deux garçons ne manque pas de courage ? 
6 I Parmi les jeunes garçons, lequel est le plus âgé ? 
 
TEXT B 
Monique habitait dans un petit appartement avec sa mère et sa sœur en plein centre de la ville. Elle 
avait l'habitude de faire, en sortant de l’usine, un grand détour par les rives de l'Yvette. Marc essayait 
toujours de l’attendre lorsqu’il se trouvait au quartier Saint Jean et qu'il avait beaucoup de commandes 
à livrer. 
1 D Dans ce court récit, qui habite avec Monique ? 
2 I Quelle est l'activité de Marc dans ce récit ?  
3 D Où est situé l'appartement de Monique dans ce récit ?  
4 I Dans l’histoire, qu’est-ce que l’Yvette ? 
5 D Dans quel quartier Marc se trouve-t-il ?  
6 I Quelle pourrait être la profession de Monique ? 
                                                 
12 D= Detail question; I= Inferential question 








Assise sur un vieux tabouret usé par tant d'années de service, Corinne brode des fleurs et des feuillages 
sur une grande nappe dont les plis, éclatants de blancheur, tombent tout autour d'elle comme une robe 
de mariée. La brise printanière joue dans ses cheveux blonds. N'a-t-elle pas envie d'aller avec ses deux 
frères et sa sœur cueillir des jonquilles ou jouer près de la rivière ? Corinne ne lève pas les yeux de son 
ouvrage, qu'elle tend quelquefois à bout de bras pour juger de son progrès. 
1 D Quels motifs Corinne est-elle en train de broder ? 
2 I  Combien d' enfants les parents de Corinne ont-ils ? 
3 D  Sur quel objet ancien Corinne est-elle assise ? 
4 I Durant quelle saison de l’année se passe ce récit ? 
5 D Dans ce recit que cueillent les frères de la jeune Corinne ?  
6 I Quel est l'objet blanc cité dans cette histoire ? 
 
TEXT D 
Vingt-trois heures trente. Grégoire observait le passage des voitures et repassait dans son esprit les 
difficultés du circuit. Dans une demi-heure, François, son coéquipier s'arrêterait au stand : il 
abandonnerait la voiture aux mécaniciens pour une rapide vérification (essence, huile, pneus) avant 
que lui-même prenne le relais. Grégoire évitait de regarder Claude, conscient de l'angoisse qui 
l'étreignait chaque fois qu'elle attendait avec lui le moment du départ. Il savait qu'en bonne femme de 
pilote avertie, elle ne ferait rien qui puisse nuire à sa conduite. 
1 D Dans le récit, qu'observe Grégoire avant le relais ?  
2 I Qui est la personne prénommée Claude dans l’histoire?      
3 D Dans cette histoire, quel est le prénom du coéquipier ?  
4 I Dans ce récit, où se trouve le personnage François ?    
5 D Qui vérifie la voiture avant le départ du relais ?  
6 I A quelle heure dans le recit est prévu le relais ? 








"Quel métier épuisant", se dit Judith en courant d'une table à l'autre, soucieuse de n'oublier aucune 
commande. Une semaine auparavant, c'était elle qui était attablée comme cliente de ce café, lisant une 
lettre que Nathalie lui adressait de Sainte Marguerite, qui lui disait combien elle souhaitait la recevoir 
pour ces vacances. La grosse difficulté était le prix du billet d'avion, mais elle avait tellement envie de 
partir ! Coïncidence curieuse, c'était dans ce même lieu qu'elle avait pu trouver à remplacer un serveur 
tombé brusquement malade. Cette première journée avait été très dure. Pourrait-elle réussir à travailler 
à Avignon tout le mois d'août dans l'atmosphère étouffante de cette ville en été ? Pour oublier sa 
fatigue, Judith pensait à l'aéroport, d'où elle s'envolerait dans un mois pour cette île merveilleuse. 
1 D Quelle est la difficulté liée au billet d’avion ?  
2 I  Quel mois Judith devrait-elle partir en vacances?      
3 D Dans cette histoire, que Judith a telle peur d'oublier ? 
4 I Vers quelle île Judith voudrait-elle s’envoler ? 
5 D Dans quelle ville la jeune fille travaille-t-elle ?  
6 I Quand la jeune Judith a-t-elle commencé son travail ?      
 
TEXT F 
La jeune fille se faufila en s'excusant, dans la dernière place restée libre dans le compartiment, entre le 
gros homme, déjà assis dans un coin côté couloir et la femme âgée qui prit en maugréant sur ses 
genoux le panier à chat qu'elle avait à côté d'elle. Visiblement satisfait de pouvoir afficher complet, le 
militaire, qui occupait l'autre coin côté couloir, se leva, ferma la porte et éteignit la lumière. Tous se 
taisaient, sauf le chat dont les protestations se faisaient plus véhémentes maintenant que le train avait 
pris de la vitesse. A travers la vitre, parmi les allées et venues des voyageurs n’ayant pas encore trouvé 
de place assise, la jeune fille aperçut un garçonnet d'une dizaine d'années à qui elle avait parlé dans la 
salle d'attente. 
1 D Pourquoi le militaire est-il tellement satisfait ? 
2 I Où se trouve le garçonnet reconnu par la fille ?     
3 D Quelle place a pris la jeune fille dans le compartiment ?  
4 I Qui fait le plus de bruit à l'intérieur du compartiment ?      
5 D Dans le récit, quel est l’âge du jeune garçonnet ?      
6 I Pourquoi certains des voyageurs n'ont-ils pas de siège ? 








Nous avions décidé de nous lever vers huit heures pour essayer de rejoindre le refuge avant la nuit. Le 
sac à dos qui devait contenir les provisions, les cartes, les ustensiles de cuisine fut rapidement prêt, 
mais on perdit beaucoup de temps avec les deux autres sacs dans lesquels il fallait mettre les vêtements 
et les couvertures. Nous marchâmes rapidement pendant les deux premières heures. Un chamois nous 
suivit pendant tout un temps. Nous aimons beaucoup ces promenades. L’effort rend les paysages 
magnifiques. Et puis moi, à cause de mon dos, je fus la seule à ne pas porter de sac à dos. Nous 
sursautâmes si fort lorsque le chamois dévala la pente juste derrière nous que nous décidâmes de nous 
arrêter pour reprendre notre souffle et manger. Ensuite, nous reprîmes notre course à travers la 
montagne. Vers sept heures, nous le vîmes enfin. 
1 D Pendant combien de temps ont-ils marché rapidement ?  
2 I Pourquoi dans le récit tous les randonneurs ont-ils pris peur ? 
3 D  Qu’ y avait-il d'autre dans le sac des provisions ?    
4 I  Dans cette histoire, combien y a-t-il de personnages ? 
5 D  Par quel animal tous les randonneurs ont-ils été suivis ?   
6 I  Dans le récit, que virent tous les randonneurs vers sept heures ?   
 
TEXT H 
Leras, engagé chez Labuze et Cie, avait travaillé tout le jour au fond de l’arrière-boutique qui donnait 
sur une cour étroite et profonde comme un puits. La pièce était sombre, humide et froide. Si humide et 
froide que l’encre séchait difficilement. Chaque matin il arrivait à sept heures dans cette prison. Il y 
demeurait jusqu'à seize heures, courbé sur son livre, écrivant avec cette plume que tout le monde lui 
enviait. Quand il sortit du magasin, sa mallette à la main, il demeura quelques instants ébloui par 
l’éclat du soleil couchant. Il la déposa pour boutonner sa gabardine. Puis, il se dirigea lentement vers 
son appartement. Il marchait comme un automate, ignorant les gens qu’il croisait. Il pensait à la 
monotonie de son existence. La voix de la marchande de journaux le tira de ces mélancoliques 
rêveries. "Vous l’avez encore oubliée", lui cria-t-elle. Leras fit précipitamment demi-tour. 
1 D A quelle heure exacte Leras arrive-t-il au travail ?  
2 I Qu’est-ce que Leras oublie à la fin du récit ?        
3 D Comment est présentée la pièce où travaille Leras ? 
4 I Selon ce récit, quel genre de métier exerce Leras ? 
5 D A quoi l'auteur compare-t-il la cour dans le récit ? 










12.I.a CORRECTION GRID 
Table A.40. Experimental Reading Comprehension test: correction gird. Correct, partially correct 
and incorrect answers by texts (from A to H). 
 
Text Réponses correctes 
Correct answers 
Réponses semi-correctes 
Answers partially correct 
Réponses incorrectes 
Incorrect answers 
A    
 Quelques minutes   
 Un bois, une forêt, une propriété boisée  Chez les Denis / dans la propriété des Denis 
 Guillaume   
 2  Trois 
 Thierry  Guillaume 
 Thierry  Guillaume 
B    
 Sa mère et sa sœur   
 Livreur Livrer des commandes  
 En centre ville   
 Une rivière   
 Saint Jean   
 Travaille dans une usine / ouvrière   
C    
 Fleurs et feuillages Feuilles et des feuillages / fleurs / feuillages  
 4  3 
 Vieux tabouret / tabouret Chaise  
 Printemps  Eté 
 Des jonquilles Des fleurs Des fraises et des framboises 
 Une nappe / la nappe Ce qu’elle est en train de broder / la broderie / plis de la nappe Robe de mariée / le tissu 
D    
 
Passage des voitures / les voitures Les difficultés du circuit / le circuit / le trajet 
Son coéquipier / la course de son 
coéquipier / l’angoisse de 
Claude 
 Sa femme / l'amie de Grégoire Femme d'un pilote Sa femme (sans réussir à spécifier de qui) / une pilote 
 François  Claude 
 Sur le circuit / dans la voiture / dans son 
véhicule / sur la route pour le stand / il est en 
train de courir 
 
Au bord de la piste / il va 
prendre le départ / devant le 
circuit / sur le stand 
 Les mécaniciens Les garagistes Les gens du stand / Grégoire/ au stand / huile, essence 
 
12:00 PM / 24 h 
Après 23h30 / peu avant minuit / une 
demi heure après / dans une demi-
heure 
 
E    
 Prix du billet / l’argent / payer le billet / le 
billet d’avion est cher / il est trop cher / trop 
cher 
pas assez d’argent pour partir / Judith 
n’a pas assez d’argent  
 Septembre Apreès le mois d’août  Octobre / juillet 
 Des commandes / commandes / une 
commande  La dernière table 
 Sainte Marguerite   
 Avignon   
 
Ce jour là / le matin / le jour même/ 1 août  / 
en août  / c’est sa première journée / une 
semaine après avoir consommé au bistrot 
Son premier jour 
Une semaine auparavant / 
l’année passée / début de la 
semaine / la même semaine / la 
semaine dernière 
 
F    
 
D’afficher complet / que le compartiment soit 
complet / 
Toutes les places sont occupées / le 
wagon est plein 
Fermer la porte ou le 
compartiment / pouvoir dormir / 
pouvoir éteindre la lumière / 
train part / il a une place 
 Dans le couloir Sur le train /dans le train / parmi les voyageurs devant la vitre / 
Sur quoi / dans la salle d’attente 
/ dehors /le parmi les allées 
 
La dernière / entre le gros homme 
Près du gros homme / place du 
milieu / entre deux personnes / celle 
du milieu / à cote du monsieur  / 
Près de la fenêtre / côté fenêtre 
 Le chat  Femme âgée 
 10 ans , une dizaine   






 Le train est complet / il n'y a plus de place / 
trop de monde / pas encore eu le temps de 
trouver une place assise / c’est complet/ pas 
encore eu le temps de trouver une place 
Cherchent un compartiment libre Pas réservé de place / parce que c’est affiché complet 
G    
 2 heures Pendant les premières heures 11 heures 
 A cause du chamois   
 Des ustensiles de cuisine et des cartes / Couvercles / des cartes Couvertures / des vêtements-des provisions- la nourriture 
 4  3 / 2 / petit groupe 
 Un chamois   
 Le refuge  Le chamois 
H    
 7 heures   
 Sa mallette  Sa plume / le journal 
 Sombre, humide, froide / une prison / sombre 
et froide  Un puits 
 Comptable / écrivain / copiste  Vendeur 
 Un puits  Une prison / arrière boutique 
 Hiver / automne Printemps Eté 

















A.13. READING SPEED TEST 
13.I.a TEXTS PRESENTED 
TEXT 1  
A l'aube de cette magnifique journée de juillet, le port d'habitude si calme est très animé. Une foule de 
curieux entoure les hommes qui s'affairent sur les bateaux; chacun vérifie que tout est prêt pour le 
départ de la course qui sera donné dans quelques instants. Un peu à l'écart, le professeur Marc est très 
occupé; il s'apprête également à embarquer, accompagné d'une équipe de médecins et d'ingénieurs 
chargés d'étudier les divers aspects du comportement d'individus soumis à des efforts intenses; pour 
cela ils disposent d'appareils extrêmement perfectionnés. 
TEXT 2  
C'est l'été. La petite ville est calme. Madame Boulanger n'est pas partie en vacances. Elle n'aime pas 
les voyages. Et elle est si bien chez elle. Sa vie est faite de petites habitudes. Chaque matin, elle va 
faire deux ou trois courses à l'épicerie du coin. Elle y rencontre souvent deux anciens collègues, du 
temps où elle était institutrice. A midi, elle dîne en écoutant la radio. Puis, quand il y a du soleil, elle 
va s'asseoir dans le parc. Elle donne des croûtons de pain aux canards.  
TEXT 3 
Ce matin nous avons accueilli dans la classe, pour la première fois, un camarade italien. François l'a 
fait asseoir à côté de lui et lui demanda son nom. Avec une petite courbette qui nous a fait rire, le 
nouveau a dit, souriant à toute la classe : "Angelo". Il connaît mal notre langue car il n'est pas en 
France que depuis une semaine. Il comprend les explications du maître et peut parfois faire des 
problèmes, mais il est incapable de suivre la dictée. Il semble avoir un très bon caractère et rit avec 
nous de bon cœur des fautes qu'il fait en parlant. Il chante très bien et nous a promis de nous apporter 
demain les photos de son pays dont il a décoré sa chambre.  
TEXT 4  
Antonia est toujours heureuse dans la maison de sa grand-mère. Grand-mère est dans la cuisine quand 
Antonia rentre. Elle porte ses boucles d'oreilles en rubis et un chapeau de soleil en paille. Un large 
tablier couvre sa robe imprimée de coquelicots oranges et jaune vif. Les mains de Grand-mère sont 
blanches de farine et elle chante, chante, chante des chansons espagnoles. Antonia ne comprend pas 
toujours les paroles mais Grand-mère chante toujours les mêmes chansons, et elles rendent Antonia 
heureuse. Mais un jour les rideaux restent fermés et la maison de Grand-mère est sombre et 
silencieuse. Grand-mère est malade, et plus personne ne chante dans sa maison. Antonia vient la voir 
comme d'habitude, mais maintenant, sa mère l'accompagne. 
 






13.I.b NUMBER OF WORDS AND SYLLABLES 
Table A.41. Reading speed test: Total 
number of words and syllables by 
texts 
 Words Syllables 
Text 1 95 160 
Text 2 91 136 
Text 3 122 167 











A.14. NELSON-DENNY TEST 
A.14.I. TEXTS AND QUESTIONS PRESENTED 
TEXT A 
Les poètes grecs qui vécurent après Homère n'oublièrent pas leurs héros - Ulysse, Agamemnon, 
Thésée, Jason...- mais commencèrent à célébrer aussi la politique, le commerce, les luttes 
sportives, l'amour. 
S'orientant vers de nouveaux sujets, ils apportèrent un changement considérable à la poésie. Un 
de ces poètes, Archilochus, commença à écrire des poèmes dans une métrique différente de celle 
d'Homère. Il employa des mots de deux syllabes à la place de trois. Il employa aussi moins de 
pieds dans chaque vers, écrivant souvent en trimétrique et en tétramétrique à la place de 
l'héxamétrique. Il commença aussi à écrire des poèmes qui ridiculisaient les travers des hommes 
et des femmes, le début de ce que nous appelons la poésie satirique. Lui et d'autres poètes 
découvrirent que, non seulement il était possible de trouver des genres de poésie différents des 
vers Apiques, mais que chaque pensée ou sentiment pouvait être chanté dans une poésie dont la 
métrique s'adaptait à son propre caractère. La poésie épique avait été la poésie de tout un peuple. 
La nouvelle poésie fut personnelle.  
Une des premières parmi ces nouveaux poètes fut Sappho. Les Grecs avaient coutume de dire 
que Homère était le plus grand des hommes qui firent la poésie, et Sappho la plus grande des 
femmes. 
 
1. Les Grecs considéraient Sappho comme: 
1. La plus grande des femmes poètes 
2. Une danseuse plutôt qu'une poétesse 
3. Plus musicienne que poétesse 
4. Plus grande qu'Homère 
5. Le maître de la poésie 
épique 
 








3. Quel changement important apporta Archilochus dans la poésie? 
1. Les rimes 
2. La longueur des stances 
3. La forme des mots 
4. La forme des sonnets 
5. La forme métrique 
 
4. Le plus important changement mentionné dans la poésie fut un changement dans: 
1. Les rimes 
2. Le rythme 
3. La vivacité 
4. L'exaltation religieuse 
5. La vénération des héros 








Le gouvernement d'Henry VII, de son fils et de ses petits-enfants fut, dans l'ensemble, plus 
arbitraire que celui des Plantagenêts. Le caractère personnel peut, dans une certaine limite, 
expliquer la différence; car le courage et la force de volonté étaient communes à tous les 
hommes et à toutes les femmes de la maison des Tudor. Ils exercèrent leur pouvoir pendant une 
période de cent-vingt ans toujours avec vigueur, souvent avec violence, parfois avec cruauté. 
Occasionnellement, ils négligèrent les droits des sujets, exigèrent des taxes sous le nom de prêts 
et de dons, et passèrent outre les statuts pénaux. Bien qu'ils n'aient jamais eu la prétention 
d'établir une loi permanente de leur propre autorité, il leur arriva parfois, quand le Parlement ne 
siègeait pas, de faire face à des exigences ponctuelles par des édits temporaires. Il fut cependant 
impossible, pour les Tudor, d’amener l'oppression au-delà d'un certain point, car ils n'avaient 
pas de forces armées, alors qu'ils étaient entourés de gens armés. Leur palais était gardé par 
quelques domestiques, que le déployement de forces d'un seul comté, ou d'une simple division 
de Londres, pouvait vaincre avec facilité. Ces princes hautains étaient de ce fait sous une 
contrainte plus forte que celle qu'une simple loi pouvait imposer. 
 
1. De qui le paragraphe traite-t-il principalement: 
1. Les Tudor 
2. Les Plantagenêt 
3. Les gardes du palais 
4. Le peuple de Londres 
5. Le peuple anglais 
 
2. Comment étaient promulguées les nouvelles lois quand le Parlement ne siégeait pas ? 
1. Elles étaient écrites par une 
division de Londres 
2. Les anciennes lois étaient remises à 
jour 
3. Elles étaient écrites par l’Armée 
4. Le roi rédigeait un édit 
5. Elles étaient écrites par le 
Conseil des Princes 
 
3. En guise de quoi les taxes étaient-elles parfois collectées ?
1. Des amendes  
2. Des prêts 
3. Des tarifs 
4. Des commissions 
5. Des ventes de bureaux 
publics 
 
4. De quel trait de caractère personnel avait toujours fait preuve la dynastie   
 dont il est question dans ce paragraphe ? 
1. La lâcheté 
2. La duperie 
3. La vigueur 
4. La faiblesse 
5. La patience 
 








Il y eut, à la tête de la Chambre des Lords, de grands hommes d’Etat qui regardaient loin 
derrière eux et loin devant eux. Ils jouèrent leur rôle avec enthousiasme, calme, dextérité et 
persévérance. Ils étaient résolus à placer le roi dans une situation telle qu’il devait, soit 
conduire l'administration en conformité avec les souhaits du Parlement, soit porter des attaques 
outrageuses sur les principes les plus sacrés de la constitution. Ils lui mesurèrent donc ses 
crédits très parcimonieusement. Il découvrit qu'il devait gouverner, soit en harmonie avec la 
Chambre des Lords,, soit au défi de toute loi. Son choix fut bientôt fait. Il dissolut son premier 
Parlement et leva des taxes de sa propre autorité. il convoqua un second Parlement, et le 
trouva plus intraitable que le premier. Il recourut de nouveau à l’expédient de la dissolution, 
leva des taxes sans aucune apparence de droit légal, et jeta les chefs de l'opposition en prison. 
Au même moment un nouveau grief, que les habitudes et sentiments particuliers du peuple 
anglais rendit insupportablement douloureux, provoqua partout le mécontentement et 
l'inquiétude. La population reçut l'ordre d'héberger gratuitement des compagnies de soldats; et 
la loi martiale fut, en certains endroits, substituée à l'ancienne Jurisprudence du royaume. 
 
1. Quel est le principal sujet de ce paragraphe ? 
1. La tentative d'établir une constitution 
2.  La levée des taxes 
3.  L'obligation d'héberger gratuitement des soldats 
4. La rupture entre le roi et 
le Parlement 
5. L'utilisation de la loi 
martiale 
 
2. Pourquoi le Parlement concédait-il des crédits au roi de façon parcimonieuse ? 
1. Parce que les taxes étaient trop élevées 
2. Parce que le roi avait fait héberger gratuitement des 
soldats 
3. Pour maintenir le pouvoir du Parlement 
4. Parce que certains chefs 
étaient en prison 
5. Pour assurer la ré-élection 
 
 
3. Quel trait du caractère du roi est révélé ? 
1. L'habileté militaire 
2. L'autorité 
3. La tendance 
4. La lâchet 
5. L'habileté législative aux 
compromis  
des soldats par le peuple 
 
4. Quel grief fut insupportablement douloureux pour la nation anglaise ? 
1. L'obligation d'héberger gratuitement des soldats 
2. Le service forcé dans l'Armée 
3. L'emprisonnement de leurs chefs 
4. La convocation du 
Parlement 
5. La collecte illégale de taxes 








Un homme au dîner du club des explorateurs, un vieux pro, regarda avec réprobation la viande 
cuite de morse et de phoque. C'était Matthew Henson, âgé de 87 ans, compagnon de l'amiral 
Robert Peary dans son équipée vers le Pôle Nord le 6 avril 1909. Henson avait accompagné 
Peary dans huit expéditions pôlaires hasardeuses, avait été obligé de manger de la viande de 
morse et de phoque crue et même de la viande de chien crue. Il jeta un coup d’œil sur la viande! 
de phoque présentée dans un plateau d’argent et se détourna. 
" Le morse est très bien, dit Henson, quand il n'y a rien d'autre." 
Plus tard dans la soirée, quelque chose se produisit qui souligna encore leur exploit, à Peary et à 
lui. On présenta à Henson un morceau de glace provenant des environs du Pôle Nord, recueilli 
au cours d'une mission de routine d'Air Force et ramené à New-York par avion la veille. 
Henson avait dû être impressionné. Au dîner suivant, il raconta comment, en 1909, le Pôle Nord 
fut découvert en avril, et comment cela prit jusqu'à septembre pour atteindre les confins de la 
civilisation et annoncer la découverte au monde. Aujourd'hui, des compagnies aériennes volent 
au-dessus du Pôle en vol de loisir. Et dans les avions, sans doute pense-t-on peu à Peary, à 
Henson et aux quatre esquimaux qui, les premiers, bravèrent la sauvagerie des glaces. 
 
1. Comment fut recueilli le morceau de glace ? 
1. Au cours d'un vol de routine 
2. En utilisant un hélicoptère 
3. Par les esquimaux 
4. Par un traîneau motorisé 




2 Dans l'Arctique, la devise de Henson fut apparemment: 
1. Nécessité fait loi 
2. Vivre et laisser vivre 
3. Savoir tirer profit de toute difficulté 
4. Il faut manger pour vivre 
5. Il faut vivre pour manger 
 





5. Un nombre indéterminé 
 
 
4. De quoi le passage traite-t-il principalement ? 
1. Le dîner du Club des explorateurs 
2. Peary 
3. Le Pôle Nord 
4. Les goûts alimentaires 
5. Henson 








D'un côté, les masses populaires dans ce pays se préparent à prendre une part bien plus active 
qu'auparavant dans le contrôle de leur destinée; d'un autre côté, l'aristocratie, en utilisant ce mot 
dans son sens le plus large pour inclure, non seulement la noblesse, mais aussi ces renforts des 
classes les plus proches, que cette classe attire et assimile constamment, alors qu'elle est 
menacée de perdre son pouvoir sur le gouvernement, son pouvoir de donner aux affaires 
publiques ses propres biais et sa propre direction, est en train de perdre également cette 
influence sur l'esprit et le caractère du peuple qu'elle avait longtemps exercée. Ceci sera 
fermement nié par certains. Les gens qui ont grandi dans un certain état de choses, ceux dont les 
habitudes, les intérêts et les sentiments sont étroitement liés à sa persistance, sont lents à croire 
qu'il ne fait pas partie de l'ordre de là nature, ou qu'il peut un jour arriver à sa fin. Mais ce qui 
est dit ici ne sera mis en doute ni par les plus compétents et les plus amicaux des observateurs 
étrangers, ni par ceux des Anglais qui se sont appliqués eux-mêmes à voir les tendances de leur 
nation telles qu'elles sont. 
 
1. Que pense l'auteur du pouvoir de l'aristocratie ? il est : 
1. Toujours plus contraignant 
2. En train de grandir 
3. Entièrement perdu 




2. Qui sont les plus lents à réaliser le changement qui s'installe ? 
1. Les masses 
2. Les observateurs étrangers 
3. Les aristocrates 
4. Les membres du 
Gouvernement 
5. Les étudiants 
 
3. Quelle autre classe l'auteur allie-t-il à la noblesse ? 
1. Les masses 
2. Les étrangers compétents 
3. Les gens instruits 
4. Les étudiants 
5. Les classes moyennes les 
plus hautes 
 
4. L'auteur compare ses propres vues avec celles: 
1. Des masses 
2. Des étrangers instruits du problème et bienveillants 
3. De l'aristocratie 
4. De la classe moyenne 
5. De la noblesse 
 








L'homme naquit dans les tropiques, grandit dans la zone tempérée. Ce premier produit humain 
brut de l'atelier pliocénien de la nature, émigré vers les terres basses et étouffantes de Java, et 
connu maintenant de nous comme le Pithécanthrope Erectus, trouva autour de lui les conditions 
climatiques qu'on reconnaît généralement avoir été nécessaires à l'homme dans son enfance 
démunie et fragile. Là où l'homme est demeuré dans les tropiques, à peu d'exceptions près, il a 
souffert d'un arrêt de son développement. Son existence protégée l'a conservé à l'état d'enfant. 
Bien que ses progrès initiaux aient dépendu des dons que la nature avait placés entre ses mains, 
son évolution ultérieure dépendait beaucoup plus des potentialités qu'elle avait développées en 
lui. Celles-ci n'ont pas de limite, aussi loin que le montre notre expérience, mais leur croissance 
est douloureuse, pénible. C'est pourquoi elles se développent seulement là où la nature soumet 
l'homme à la contrainte, le force à gagner son pain quotidien, et, de ce fait, quelque chose de 
plus que son pain. on trouve cette contrainte dans des conditions géographiques moins 
luxuriantes, mais plus salutaires que n'en peuvent offrir les tropiques, dans un environnement 
qui exige un tribut de labeur et d'initiative en retour du bienfait de la vie, mais offre une 
récompense certaine et suffisamment généreuse pour assurer l'accumulation de richesses qui 
marque le commencement de la civilisation. 
 
1. Dans quelles conditions l'homme atteint-il le plus haut degré de civilisation ? 
1. Là où ce qu'il désire est fourni par la nature 
2. Là où il est obligé de travailler pour 
se nourrir 
3. Là où il doit nécessairement 
consacrer tout son temps à recherche 
de sa nourriture 
 
4. Là où la nature est la plus 
prodigue 
5. Là où la végétation est 
luxuriante
 
2. Que pense l'auteur des possibilités du développement humain ? 
1. Elles sont très limitées 
2. Le développement est favorisé dans les tropiques 
3. Il est vain d'attendre un développement 
4. Il est complètement achevé 
5. Il n'y a pas de limite 
 
 
3. Le climat jugé le plus favorable à l'évolution ultérieure de l'homme est: 
1. Les tropiques 
2. Le grand Nord 
3. La zone tempérée 
4. Java 
5. Le Pliocène 
 
3. Qu’est-ce que l'auteur considère comme une indication des premières étapes de la civilisation? 
 
1. L’accumulation d’surplus par rapport aux besoins 
besoins immédiats 
2. L'émigration aux tropiques 
4. Une croissance douloureuse, 
pénible  
5.Des conditions géographiques 
salutaires 
3. Le commencement de l'ère du Pliocène







A.15. READING SPAN TEST 
A.15.I.  SENTENCES CHARACTERISTIC BY PHASE 
Table A.42. Reading span Test: sentences characteristics (syllables number, response 
accuracy, number of substantives) presented in the semantic judgment practical phase. 
Sentences Syllable number Response accuracy Number of substantives 
Au cirque, il y a des singes 1 vrai 2 
L'armoire se cache dans l'anorak 3 faux 2 
On peut feuilleter un canari 3 faux 1 
On répare avec de la colle 1 vrai 1 
 
Table A.43. Reading span Test: sentences characteristics (syllables number, response 
accuracy, number of substantives) presented in the semantic judgment test phase. 
Sentences Syllable number Response accuracy Number of substantives 
Les violons font des bulles 1 faux 2 
On repasse un chemisier 3 vrai 1 
On s'amuse pendant une fête 1 vrai 1 
On peut boire un œil 1 faux 1 
Un hamster se nourrit de jupes 1 faux 2 
On se marie avec un radiateur 3 faux 1 
Au plafond, il y a des araignées 3 vrai 2 
Une table peut être en bois 1 vrai 2 
A la plage, on plante un parasol 3 vrai 2 
Les moutons donnent de la laine 1 vrai 2 
On se rase avec une tarte 1 faux 1 
La girafe marche comme un paillassson 3 faux 2 
On peut colorier un caramel 3 faux 1 
On mange des ravioli 3 vrai 1 
La farine est un dinosaure 3 faux 2 
On se promène dans les près 1 vrai 1 
 
Table A.44. Reading span Test: sentences characteristics (syllables number, response accuracy, 
number of substantives) by level of difficulty presented in the practical phase. 
 Sentences Syllable number  Response accuracy Number of substantives  
Item 1  
Level 2 On peut traverser un numéro 3 faux 2 
 Au marché on achète des haricots 3 vrai 2 
Item 2  
Level 3 On voit plus gros avec une loupe 1 vrai 1 
 Les crayons mangent de la crème 1 faux 1 
 Le canards ont des plumes 1 vrai 1 
 







Table A.45. Reading span Test: sentences characteristics (syllables number, response 
accuracy, number of substantives) by level of difficulty. 
 Sentences Syllable number  Response accuracy Number of substantives  
Item 1   
Level 2 On enfile un pantalon 3 vrai 1 
 Le pigeon vit dans les profondeurs 3 faux 2 
Item 2 
Level 4 On peut guérir d'une maladie 3 vrai 1 
 Les enfants aiment le chocolat 3 vrai 2 
 En Afrique il y a des éléphants 3 vrai 2 
 Dans le lac nagent des saladiers 3 faux 2 
Item 3   
Level 5 Le boulanger fait du pain 1 vrai 2 
 On peut casser un verre 1 vrai 1 
 Les élèves étudient en classe 1 vrai 2 
 On mange toujours les roses 1 faux 1 
 Les poissons ont six pouces 1 faux 2 
Item 4 
Level 2 On peut respirer un rêve 1 faux 1 
 Les fraises poussent dans le dos 1 faux 2 
Item 5   
Level 4 On peut acheter la lune 1 faux 1 
 Les sapins sont des bêtes 1 faux 2 
 On écrit avec le vent 1 faux 1 
 On tire parfois la langue 1 vrai 1 
Item 6  
Level 3 Les oiseaux volent dans le ciel 1 vrai 2 
 Les melons sont en fer 1 faux 2 
 On se lave avec de l'eau 1 vrai 1 
Item 7  
Level 5  On peut se salir les mains 1 vrai 1 
 Une casserole est un homme 1 faux 2 
 On peut lire avec la pluie 1 faux 1 
 On entend avec le front 1 faux 1 
 Paris est une grande ville  1 vrai 2 
Item 8  
Level 2 A l'école on se fait des camarades 3 vrai 2 
 On peut se nourrir de cheminées 3 faux 1 
Item 9  
Level 3 Dans l'océan on trouve des chiens 1 faux 2 
 On dort souvent dans un lit 1 vrai 1 
 On marche sur le nez 1 faux 1 
Item 10  
Level 5 On peut jouer d'un instrument 3 vrai 1 
 On peut boire un canapé 3 faux 1 
 Chez le dentiste on vend des ramoneurs 3 faux 2 
 On peint avec une caravane 3 faux 1 
 Dans la forêt on voit des écureuils 3 vrai 2 
Item 11  
Level 4 Les pompiers éteignent le feu 1 vrai 2 
 On peut voyager en train 1 vrai 1 
 Les bananes ont des poches 1 faux 2 
 Dans le jardin poussent des fleurs 1 vrai 2 
Item 12  
Level 3 En voiture, il faut faire attention 3 vrai 1 
 On peut avaler des caméras 3 faux 1 
 Le cheval dort dans la pharmacie 3 faux 2 
Item 13  
Level 5 On s'assoit sur un tabouret 3 vrai 1 
 Un chapeau a bon appétit 3 faux 2 
 Le chemin le plus court est un raccourci 3 vrai 2 
 On prend parfois des vitamines 3 vrai 1 
 On peut coiffer un opéra 3 faux 1 
Item 14   
Level 2 On peut s'asseoir sur une chaise 1 vrai 1 
 Le pied est une partie du corps 1 faux 2 
Item 15  
Level 3 Un tiroir a bon caractère 3 faux 2 
 La France a un président 3 vrai 2 






 On peut monter les escaliers 3 vrai 1 
Item 16   
Level 4 On s'habille avec un lampadaire 3 faux 1 
 Les têtards mangent des abricots 3 faux 2 
 On peut habiter un éventail 3 faux 1 
 On parle au téléphone 3 vrai 1 
 
 
Table A.46. Reading Span Test: sentences distribution by level of difficulty.  
 Semantically correct Semantically 
Incorrect 
1 substantive 1 1 
Monosyllabic 2 substantives 1 1 
1 substantive 1 1 
Level 2 
= 
8 sentences Trisyllabic 2 substantives 1 1 
1 substantive 2 1 
Monosyllabic 
2 substantives 1 2 
1 substantive 1 1 
Level 3 
= 
12 sentences Trisyllabic 2 substantive 2 2 
1 substantive 2 2 
Monosyllabic 2 substantives 2 2 
1 substantive 2 2 
Level 4 
= 
16 sentences Trisyllabic 2 substantives 2 2 
1 substantive 2 3 
Monosyllabic 
2 substantives 3 2 
Level 5 
= 
20 sentences Trisyllabic 1 substantive 3 3 






A.16. MATRICES TASK 
A.16.I. SIMPLE POSITIONS 
Table A.47. Simple positions: Target cells distribution across difficulty levels.  
Level  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Level 2 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Level 3 2 1 1 2 1 1 2 2 2 1 1 1 1 2 1 1 1 2 1 1 1 1 2 1 1 
Level 4 2 2 2 1 2 2 1 1 1 1 1 2 1 1 2 2 2 1 2 2 2 2 1 2 2 
Level 5 2 1 2 2 2 2 2 1 2 2 2 2 2 2 1 2 1 2 2 2 2 1 2 2 2 
Level 6 1 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Total 7 7 8 8 8 8 8 7 7 7 7 8 7 8 7 8 7 8 8 8 8 7 8 8 8 
 
 
A.16.II. SIMPLE WORDS  
Table A.48. Simple words: Distribution of mono-and bi-syllabic words 
across difficulty levels.   
 Level 3 Level 4 Level 5 Level 6 Level 7 Total 
Monosyllabic 18 22 25 27 28 120 
Bi-syllabic  18 22 25 27 28 120 
Total 36 44 50 54 56 240 
 
 
A.16.III. DOUBLE VERBAL 
Table A.49. Double verbal: Distribution of mono-and bi-syllabic words 
across difficulty levels.   
 Level 3 Level 4 Level 5 Level 6 Level 7 Total 
Monosyllabic 12 17 20 22 24 95 
Bi-syllabic 12 16 20 23 24 95 
Total 24 33 40 45 48 190 
 
 
Table A.50. Double verbal: Distribution of target cells across difficulty levels  
Level  1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Level 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
Level 3 1 1 1 1 1 2 1 1 2 2 1 2 2 1 2 2 1 1 1 1 1 1 1 2 1 
Level 4 2 2 1 2 2 1 2 2 1 1 2 1 1 2 1 2 2 2 2 1 2 2 1 1 2 
Level 5 2 2 2 1 2 1 2 2 2 2 2 2 1 2 2 2 2 1 1 2 2 2 2 1 2 
Level 6 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 
Total 8 8 7 7 7 7 8 8 8 8 8 8 7 8 8 8 8 7 7 7 8 8 7 7 7 
 






A.17. STROOP COLOR TEST  
Table A.51. Stroop Color Test: characteristics of words used. 
Words Number of letters Brulex frequency 
bleu 4 14936 
vert 4 10206 
rouge 5 18855 
jaune 5 6500 
fort 4 47010 
neuf 4 13401 
grave 5 12069 
plein 5 37986 
 
 
Table A.52. Stroop Color Test: Condition distribution across the 6 blocs used in the test. 













Congruent 4 4 4 4 4 4 24 
Incongruent  4 4 4 4 4 4 24 
Prime  4 4 4 4 4 4 24 
Probe  4 4 4 4 4 4 24 
Control I 4 4 4 4 4 4 24 
Control II 4 4 4 4 4 4 24 
Total 24 24 24 24 24 24 144 
 
 
Table A.53. Stroop Color Test: Stimuli distribution across the 6 blocs used in the test. 
  Bloc 1 Bloc 2 Bloc 3 Bloc 4 Bloc 5 Bloc 6 Total 
color word jaune 6 6 6 6 6 6 36 
 vert 6 6 6 6 6 6 36 
 bleu 6 6 6 6 6 6 36 
 rouge 6 6 6 6 6 6 36 
word jaune 4 4 4 4 4 4 24 
 vert 4 4 4 4 4 4 24 
 bleu 4 4 4 4 4 4 24 
 rouge 4 4 4 4 4 4 24 
 grave 1 1 1 1 1 1 6 
 vert 1 1 1 1 1 1 6 
 neuf 1 1 1 1 1 1 6 
 plein 1 1 1 1 1 1 6 
symbols « « 1 1 1 1 1 1 6 
 ++++ 1 1 1 1 1 1 6 
 *** 1 1 1 1 1 1 6 
 ^^^^ 1 1 1 1 1 1 6 
 Total 48 48 48 48 48 48 288 






A.18. HAYLING TEST 
A.18.I.  SENTENCES CHARACTERISTICS BY LIST (1, 2) 
Table A.54. Hayling test: sentences presented, expected word and completion 
probability (values represent proportion) by List. 
LIST 1 
Presentation 
Expected word Completion probability 
(pre-test)1 
Le chien dort dans sa  niche 0.99 
On va voir des films au cinéma 0.99 
Sylvain a gagné le gros lot 0.99 
On mange la soupe avec une cuilière 0.99 
Les abeilles produisent du miel 0.99 
On achète sa viande chez le boucher 0.99 
La vache produit beaucoup de lait 0.99 
L'hiver a été très froid cette année 0.99 
Pour prendre le train on va à la  gare 0.99 
L'automne les arbres perdent leurs feuilles 0.99 
Les motos font souvent beaucoup de bruit 0.99 
Quand on a mal aux dents on va chez le dentiste 0.99 
Pour enfoncer un clou on utilise un marteau 0.99 
On va se faire couper les cheveux chez le coiffeur 0.99 
Quand il est allé skier, Laurent s'est cassé une jambe 0.99 
LIST 2 
Presentation 
Expected word Completion probability 
(pre-test)1 
La poule pond des œufs 0.99 
On se coiffe avec un peigne 0.99 
Laure doit tenir son chien en laisse 0.99 
On coupe sa viande avec un couteau 0.99 
On regarde l'heure sur sa montre 0.99 
La plupart des chats voient bien la nuit 0.99 
Elle a mis le gratin dans le four 0.99 
Au printemps les oiseaux font leur nid 0.99 
En partant on ferme sa porte à  clé 0.99 
On va acheter le pain chez le boulanger 0.99 
Quand il y a le feu on appelle les pompiers 0.99 
Il a posté sa lettre sans mettre de  timbre 0.99 
Il a mangé une pomme car il avait très faim 0.99 
Quand on va au lit on éteint la lumière 0.97 
La facture devait être payée avant la fin du  mois 0.99 
1 In a pilot study 78 adults completed a pool of 161 sentences with the last word missing. The probability of sentences 
completion was calculated. The sentences with the highest probability of completion were selected.  








A.19. DIRECTED FORGETTING BLOCKED CUEING 
Table A.55. Directed forgetting: words presented by condition.   
Remember-All Forget-Only Remember-Only Remember-All 
I half    
Princesse Royaume Courage Tambour 
Querelle Charbon Bonhomme Berger 
Radio Médaille Marin Cousin 
Paquet Borne Malheur Problème 
Refuge Gardien Chemise Trésor 
Ventre Couleur Peinture Culotte 
Chèvre Barbe Noël Chamber 
Cuisine Vacances Client Couloir 
Tabac Dentelle Village Monster 
Volant Chalet Caprice Banquier 
II half    
Légende Poste Canal Navire 
Ruban Calcul Fenêtre Profit 
Ressort Bébé Chapeau Poussière 
Cendre Poisson Bonté Permis 
Bourse Cravate Jeunesse Montagne 
Sommeil Critique Madame Course 
Jardin Musique Crayon Ceinture 
Travail Grenier Placard Rivière 
Docteur Dîner Poursuite Costume  

























In this section the instruction used for the reading comprehension tasks are presented.  
As the others tasks are common to the FRNS9 study “Dimmensionalité de l’inihibtion cognitive au 
travers du lifespan”, detailed instructions can be found in the “Rapport Final, Août 2004” (de 
Ribapierre, A., Atzeni, T., Fagot, D., Jouffray, C., Lecerf, T., & Ludwig, C.) 
 
A.20. EXPERIMENTAL READING COMPREHENSION TASK  
Dans cette épreuve on va vous présenter à l'ordinateur plusieurs textes racontant des histoires. Chaque 




Vous devez lire attentivement les trois histoires qui apparaissent à l'écran.  
Dès que la première histoire apparaît lisez la le plus attentivement possible, en prenant le temps de le 
comprendre afin de pouvoir répondre aux questions. Après voir lu ce texte attentivement, appuyez sur 
la barre d'espacement pour faire apparaître la première question.  
Pour répondre à toutes les questions vous pouvez vous aider du texte, qui reste affiché à l'écran et le 
relire autant de fois que vous désirez pour répondre le plus correctement et précisément possible aux 
questions, sans essayer d'inventer les réponses.  
Après avoir donné votre réponse, appuyez sur la barre d'espacement pour faire apparaître la question 
suivante. 
MEMORY CONDITION 
Maintenant on va vous présenter trois autres histoires. Vous devez les lire très attentivement. Dès que 
la première histoire apparaît lisez la le plus attentivement possible, en prenant le temps de la 
comprendre afin de vous en souvenir, pour pouvoir répondre ensuite aux questions. Après voir lu ce 
texte attentivement, appuyez sur la barre d'espacement pour faire apparaître la première question.  
Faites attention: à partir du moment où la première question apparaît, le texte va disparaître et à l'écran 
il n’y aura que les questions, donc vous ne pourrez plus répondre aux questions en vous aidant du 
texte. N'essayez pas d'inventer les réponses et répondez le plus précisément possible aux questions. 
Après avoir donné votre réponse, appuyez sur la barre d'espacement pour faire apparaître la question 
suivante. 
 










A.21. NELSON-DENNY TEST  
Dans cette épreuve vous allez lire six textes. Vous allez d'abord lire le premier texte en prenant le 
temps de le comprendre pour répondre aux 4 questions posées ensuite. Vous pouvez répondre aux 
questions en vous aidant du texte. Pour chaque question on vous propose 5 réponses possibles. Vous 
devez seulement en choisir une. Vous avez au maximum 30 min. pour les six textes. 
 
 
A.22. READING SPEED TEST 
Maintenant on va vous présenter à l'ordinateur quatre textes. Votre tâche consiste à les lire. Vous 




A.23. INFERENCE UTILITY TEST 
PREMIÈRE PARTIE.  




Maintenant nous allons vous présenter à nouveau les mêmes textes, mais un à la fois. Nous vous 
demandons d’évaluer si les informations qui suivent le texte sont vraiment utiles à la compréhension 
ou bien si elles ne font que l’enrichir, sans empêcher au lecteur de se représenter le texte. Pour ceux-là, 
nous vous demandons de juger l’importance ou non des informations, pour la compréhension, sur une 
échelle qui va de  {« très utile // utile à la compréhension // pas du tout utile à la compréhension // pas 
dans le texte (information qui n’est pas congruente avec le texte) » } 
 
A.24. TEXT DIFFICULTY TEST 
Nous allons vous présenter huit textes que vous devez lire attentivement dans le but de les 
comprendre. Chaque texte est suivi de 6 questions. Après avoir bien lu le texte, vous devez répondre le 
plus précisément possible aux questions sans faire d’erreurs (vous avez toujours le texte à disposition). 
Ensuite vous devrez juger la difficulté de chaque texte de manière à obtenir 2 textes par niveau de 
























In this section the protocols used for the different tasks are presented.  
 
A.25. EXPERIMENTAL READING COMPREHENSION TASK 
A.25.I. CHILDREN 
TEXT ORDER 116  
TÂCHE EXPÉRIMENTALE DE COMPREHENSION DE TEXTES: ENFANTS 
ORDRE 1 
N. sujet :        Date: 
Age :         Lieu: 
  Réponse correcte ou acceptée Juste Autre Remarques 
CT17 Texte A     
1  Quelques minutes    
2  Un bois, une forêt, une propriété boisée    
3  Guillaume    
4  2    
5  Thierry     
6  Thierry    
CT Texte C     
7  Des fleurs et des feuillages, Fleurs    
8  4     
9  Tabouret, tabouret bas     
10  Au Printemps    
11  Des jonquilles    
12  Une / la nappe    
CT Texte E     
13  Le prix du billet    
14  Septembre    
15  Des commandes    
16  Sainte Marguerite    
17  Avignon    
18  Ce jour là, le matin, un jour    
MT Texte B     
19  Sa mère et sa  sœur    
20  Livrer des commandes    
21  En centre ville     
22  Une rivière     
23  Saint Jean    
24  Travaille dans une usine    
MT Texte D     
25  Le passage des voitures    
26  Sa femme, la femme de Grégoire     
27  François    
28  Sur le circuit    
29  Les mécaniciens    
30  12 p.m.    
                                                 
16 For the text order 2, the texts BDF were presented in the CT condition and ACE texts in the MT condition  







MT Texte F     
31  Afficher complet    
32  Dans le couloir    
33  La dernière    
34  Le chat    
35  10 ans , une dizaine    
36  Plus de place    
 
 
A.25.II. ADULTS  
TEXT ORDER 118  
TÂCHE EXPÉRIMENTALE DE COMPREHENSION DE TEXTES: ADULTES  
ORDRE 1 
N. sujet :        Date: 
Age :         Lieu: 
 
  Réponse correcte ou acceptée Juste Autre Remarques 
CT19 Texte C     
1  Des fleurs et des feuillages, Fleurs    
2  4     
3  Tabouret, tabouret bas     
4  Au Printemps    
5  Des jonquilles    
6  Une / la nappe    
CT Texte E     
7  Le prix du billet    
8  Septembre    
9  Des commandes    
10  Sainte Marguerite    
11  Avignon    
12  Ce jour là, le matin, un jour    
CT Texte H     
13  7 heures     
14  La mallette    
15  Sombre, humide / une prison     
16  Ecrivain /comptable     
17  Puits     
18  Hiver / automne     
MT Texte D     
19  Le passage des voitures    
20  Sa femme, la femme de Grégoire     
21  François    
22  Sur le circuit    
23  Les mécaniciens    
24  12 p.m.    
MT Texte F     
                                                 
18 For the text order 2, the texts DFG were presented in the CT condition and CEH texts in the MT condition  







25  Afficher complet    
26  Dans le couloir    
27  La dernière    
28  Le chat    
29  10 ans , une dizaine    
30  Plus de place    
MT Texte G     
31  2 heures     
32  Le chamois     
33  Des carte et des utiles     
34  4     
35  Le chamois     










A.26. READING SPAN TEST  
 
Date :      Numéro de sujet :  
Expé :      Age : 
232 pantalon profondeur      
            
431 maladie chocolat éléphant saladiers   
            
512 pain verre classe roses doigts 
            
211 rêve dos       
            
412 lune bêtes vent  langue   
            
312 ciel fer eau     
            
511 mains homme pluie front ville 
            
231 camarades cheminées       
            
311 chiens  lit  nez     
            
531 instrument canapé ramoneurs caravane écureuils 
            
411 feu train poches fleurs   
            
332 attention caméras pharmacie     
            
532 tabouret appétit raccourci vitamines cinéma 
            
212 chaise corps       
            
331 caractère président escaliers     
            
432 lampadaire abricots éventail téléphone  







A.27. STROOP COLOR TEST  
Numéro code:      Expérimentateur: 
Age: 
Date et heure :      Lieu: 
 
Veuillez mettre un V si la réponse du sujet est correcte et un signe – si sa réponse 
est erronée. S’il y a un problème avec la clé vocale, mettre un « e ».  
 









1 jaune vert  1 jaune vert  
2 fort bleu  2 ^^^^ bleu  
3 **** jaune  3 rouge vert  
4 rouge vert  4 bleu rouge  
5 bleu bleu  5 """" jaune  
6 jaune rouge  6 rouge vert  
7 bleu jaune  7 plein bleu  
8 ++++ rouge  8 vert vert  
9 bleu vert  9 bleu jaune  
10 rouge bleu  10 vert bleu  
11 ^^^^ jaune  11 rouge rouge  
12 vert rouge  12 vert bleu  
13 bleu vert  13 jaune jaune  
14 rouge rouge  14 neuf rouge  
15 jaune bleu  15 bleu bleu  
16 vert vert  16 jaune vert  
17 plein bleu  17 bleu jaune  
18 rouge jaune  18 vert rouge  
19 vert rouge  19 jaune vert  
20 neuf jaune  20 fort rouge  
21 """" vert  21 ++++ jaune  
22 jaune jaune  22 **** rouge  
23 vert bleu  23 grave jaune  
24 grave rouge  24 rouge bleu  









1 rouge jaune  1 rouge vert  
2 plein vert  2 jaune rouge  
3 rouge jaune  3 bleu vert  
4 fort bleu  4 neuf jaune  
5 vert jaune  5 rouge bleu  
6 bleu vert  6 vert vert  
7 """" rouge  7 jaune jaune  
8 neuf vert  8 vert bleu  
9 rouge bleu  9 rouge vert  
10 jaune rouge  10 grave jaune  
11 vert vert  11 plein rouge  
12 bleu jaune  12 bleu bleu  
13 rouge rouge  13 vert jaune  
14 jaune jaune  14 bleu rouge  







16 vert bleu  16 rouge rouge  
17 jaune rouge  17 **** bleu  
18 ++++ bleu  18 fort vert  
19 jaune rouge  19 jaune bleu  
20 vert jaune  20 vert jaune  
21 bleu bleu  21 ++++ rouge  
22 grave vert  22 """" jaune  
23 **** bleu  23 bleu rouge  
24 ^^^^ vert  24 ^^^^ vert  









1 vert vert  1 bleu bleu  
2 jaune rouge  2 jaune vert  
3 plein vert  3 rouge jaune  
4 rouge jaune  4 **** vert  
5 bleu rouge  5 plein jaune  
6 ++++ jaune  6 vert rouge  
7 vert rouge  7 jaune jaune  
8 """" bleu  8 vert bleu  
9 fort vert  9 jaune vert  
10 neuf bleu  10 rouge rouge  
11 **** vert  11 fort jaune  
12 bleu bleu  12 ^^^^ bleu  
13 rouge rouge  13 grave rouge  
14 grave bleu  14 bleu jaune  
15 vert jaune  15 rouge bleu  
16 bleu rouge  16 ++++ vert  
17 vert jaune  17 rouge bleu  
18 rouge vert  18 vert rouge  
19 jaune jaune  19 bleu jaune  
20 bleu vert  20 """" rouge  
21 jaune bleu  21 vert vert  
22 ^^^^ rouge  22 jaune bleu  
23 jaune bleu  23 neuf rouge  








A.28. HAYLING TEST 
Numéro de code du sujet  
Age  
Date et Heure  
Lieu  
Nom de l'expérimentateur  
Ordre de passation  
 
List 1     
Presentation 
Expected 
word A Phase  B Phase A’ Phase 
Le chien dort dans sa  niche    
On va voir des films au cinéma    
Sylvain a gagné le gros lot    
On mange la soupe avec une cuillière    
Les abeilles produisent du miel    
On achète sa viande chez le boucher    
La vache produit beaucoup de lait    
L'hiver a été très froid cette année    
Pour prendre le train on va à la  gare    
L'automne les arbres perdent leurs feuilles    
Les motos font souvent beaucoup de bruit    
Quand on a mal aux dents on va chez le dentiste    
Pour enfoncer un clou on utilise un marteau    
On va se faire couper les cheveux chez le coiffeur    
Quand il est allé skier, Laurent s'est cassé une jambe    
List 2     
La poule pond des œufs    
On se coiffe avec un peigne    
Laure doit tenir son chien en laisse    
On coupe sa viande avec un couteau    
On regarde l'heure sur sa montre    
La plupart des chats voient bien la nuit    
Elle a mis le gratin dans le four    
Au printemps les oiseaux font leur nid    
En partant on ferme sa porte à  clé    
On va acheter le pain chez le boulanger    
Quand il y a le feu on appelle les pompiers    
Il a posté sa lettre sans mettre de  timbre    
Il a mangé une pomme car il avait très faim    
Quand on va au lit on éteint la lumière    




















































































































A.33. MILL-HILL TEST (PART B) 
Dans chaque groupe de six mots, soulignez le mot qui signifie la même chose que le mot écrit en 
Majuscule au-dessus du groupe. Le premier mot est donné en exemple. 
1. MALARIA 11.FECOND 21. RESSEMBLANCE 
base paludisme comestible optatif analogie étourderie 
théâtre fruit profond prolifique apparence repos 
océan ton sublimer aride soin souvenir 
2.RUSE 12.IMMERGER 22.ADJACENT 
couleur niaiserie fréquenter embrasser incontestable continu 
rude brûlure plonger renverser instable taciturne 
rue astuce émerger montrer loquace contigu 
3.RENONCER 13.COURTOIS 23.CONSACRER 
contredire décrier affreux orgueilleux dissiper consoler 
abandonner exécuter aimable court supprimer expliquer 
démentir assembler révérent vrai dédier sacrer 
4.BAVARD 14.GOELETTE 24.EBAUCHER 
babillard courageux building homme esquisser embaucher 
taciturne solide goéland chant débaucher déraciner 
émerger montrer plante voilier élaborer approcher 
5.CAPRICE 15.FUTILE 25.POMPEUX 
plainte bruit inimitable contraire démocratique ampoulé 
fantaisie matrice sublime frivole essouflé prudent 
chevrette attaque utile aimant destructif anxieux 
6.EVASION 16.PRECIS 26.COUCHE 
vagabond caprice naturel stupide élevé gênant 
obscurité fuite fautif petit lourd repoussé 
vision erreur rigoureux confus repentant étendu 
      
7.PLAINTIF 17.PROSPERITE 27.DILIGENT 
astringent craintif imagination opulence rebelle lent 
pétulant gémissant empiétement supplique complaisant expéditif 
investigateur timide prospection succession séduisant crédule 
      
8.ANONYMAT 18.MEDIRE 28.SPECIEUX 
applicable  magnifique défier atténuer fallacieux 
anomie fictif suspendre calomnier nourrissant typique 
faux sans-nom dénaturer conclure spacieux flexible 
9.ELEVER 19.AMULETTE 29.TEMERITE 
lancer bouger charme veste précipitation imprudence 
soulever travailler mouvement talisman nervosité stabilité 
résoudre disperser amusette saveur ponctualité humilité 
10.FASCINE 20.EXTRAVAGANT 30.DISCOURIR 
maltraité effrayé inexplicable égoïste haranguer dédaigner 
empoisonné charmé romantique bizarre mépriser abroger 











































































































































A.37. INFERENCE UTILITY TASK 
PREMIÈRE PARTIE 
The texts of the Experimental Reading Comprehension tasks were presented but without the questions. 
The text presentation order20 was the following one:  
 
1. TEXT F 
2. TEXT E 
3. TEXT A 
4. TEXT C  
5. TEXT H 
6. TEXT B 
7. TEXT D 
8. TEXT G  
 
DEUXIÉME PARTIE 
 TEXT 1 
• La jeune fille se faufila en s'excusant, dans la dernière place restée libre dans le compartiment, 
entre le gros homme, déjà assis dans un coin côté couloir et la femme âgée qui prit en maugréant sur 
ses genoux le panier à chat qu'elle avait à côté d'elle. Visiblement satisfait de pouvoir afficher complet, 
le militaire, qui occupait l'autre coin-côté couloir, se leva, ferma la porte et éteignit la lumière. Tous se 
taisaient, sauf le chat dont les protestations se faisaient plus véhémentes maintenant que le train avait 
pris de la vitesse. A travers la vitre, parmi les allées et venues des voyageurs n’ayant pas encore trouvé 
de place assise, la jeune fille aperçut un garçonnet d'une dizaine d'années à qui elle avait parlé dans la 
salle d'attente. 
  JUGEZ LES INFORMATIONS SUIVANTES:  
 
• le garçonnet se trouve dans le couloir du train     
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le militaire ferme la porte  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• c’est le chat qui fait le plus de bruit à l'intérieur du compartiment    
 « TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le train s’est arrêté à la gare de Mail 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le train est plein et c’est pour cette raison que certains voyageurs n’ont pas de place  
  « TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• la jeune fille a 10 ans  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
 
                                                 









• "Quel métier épuisant", se dit Judith en courant d'une table à l'autre, soucieuse de n'oublier 
aucune commande. Une semaine auparavant, c'était elle qui était attablée comme cliente de ce café, 
lisant une lettre que Nathalie lui adressait de Sainte Marguerite, qui lui disait combien elle souhaitait la 
recevoir pour ces vacances. La grosse difficulté était le prix du billet d'avion, mais elle avait tellement 
envie de partir ! Coïncidence curieuse, c'était dans ce même lieu qu'elle avait pu trouver à remplacer 
un serveur tombé brusquement malade. Cette première journée avait été très dure. Pourrait-elle réussir 
à travailler à Avignon tout le mois d'août dans l'atmosphère étouffante de cette ville en été ? Pour 
oublier sa fatigue, Judith pensait à l'aéroport, d'où elle s'envolerait dans un mois pour cette île 
merveilleuse. 
 
  JUGEZ LES INFORMATIONS SUIVANTES:  
• Judith partira en vacances en septembre      
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Judith veut partir pour île de Sainte Marguerite  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• la copine de Judith travaille dans un restaurant 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• l’avion était en retard 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• c’est le premier jour de travail pour Judith      
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Judith remplace un serveur tombé malade  




• Il ne fallut guère plus de quelques minutes aux garçons pour escalader le mur qui bordait la 
propriété des Denis. Ils trouvèrent un sentier sur lequel Guillaume s'engagea aussitôt, bien qu'il fût le 
plus jeune, tandis que Thierry, qui ne manquait pas de courage, coupait à travers bois en direction des 
appels. 
  JUGEZ LES INFORMATIONS SUIVANTES:  
• cette histoire se passe dans un bois ou une forêt  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Térésa a escaladé le mur des Denis  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• il y a deux personnages dans l’histoire  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• parmi les jeunes garçons le plus âgé est Thierry 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Guillaume et Thierry ont trouvé un sentier 









• Assise sur un vieux tabouret usé par tant d'années de service, Corinne brode des fleurs et des 
feuillages sur une grande nappe dont les plis, éclatants de blancheur, tombent tout autour d'elle comme 
une robe de mariée. La brise printanière joue dans ses cheveux blonds. N'a-t-elle pas envie d'aller avec 
ses deux frères et sa sœur cueillir des jonquilles ou jouer près de la rivière ? Corinne ne lève pas les 
yeux de son ouvrage, qu'elle tend quelquefois à bout de bras pour juger de son progrès. 
  JUGEZ LES INFORMATIONS SUIVANTES:  
• les parents de Corinne ont 4 enfants  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Corinne aime chanter le matin  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Corinne brode des fleurs et des feuillages 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le récit se passe au printemps 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• l'objet blanc cité dans cette histoire est la nappe  
« « TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Les frères de Corinne jouent avec un chien au bord de la rivière  




Leras, engagé chez Labuze et Cie, avait travaillé tout le jour au fond de l’arrière-boutique qui donnait sur une 
cour étroite et profonde comme un puits. La pièce était sombre, humide et froide. Si humide et froide que l’encre 
séchait difficilement. Chaque matin il arrivait à sept heures dans cette prison. Il y demeurait jusqu'à seize heures, 
courbé sur son livre, écrivant avec cette plume que tout le monde lui enviait. Quand il sortit du magasin, sa 
mallette à la main, il demeura quelques instants ébloui par l’éclat du soleil couchant. Il la déposa pour boutonner 
sa gabardine. Puis, il se dirigea lentement vers son appartement. Il marchait comme un automate, ignorant les 
gens qu’il croisait. Il pensait à la monotonie de son existence. La voix de la marchande de journaux le tira de ces 
mélancoliques rêveries. "Vous l’avez encore oubliée", lui cria-t-elle. Leras fit précipitamment demi-tour. 
 JUGEZ LES INFORMATIONS SUIVANTES:  
• Leras arrive au travail à 7 heures 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Leras à la fin de l’histoire a oublié sa mallette 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• la marchande de journaux va souvent faire des courses à midi 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Leras est comptable  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le récit a lieu en automne // hiver  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Leras a 50 ans  










• Monique habitait dans un appartement avec sa mère et sa sœur en plein centre de la ville. Elle 
avait l'habitude de faire, en sortant de l’usine, un grand détour par les rives de l'Yvette. Marc ne 
manquait pas de l’attendre lorsqu’il se trouvait au quartier Saint Jean et qu'il avait beaucoup de 
commandes à livrer. 
  JUGEZ LES INFORMATIONS SUIVANTES:  
• l’Yvette est une rivière  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE»  
• Marc est un livreur de commandes  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Monique vit avec ses frères  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Marc se trouve à Saint Jean 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• la profession de Monique est employée dans une usine 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Monique vit avec ses frères  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• la mère de Monique est prof. à l’école de Saint Jean  




• Vingt-trois heures trente. Grégoire observait le passage des voitures et repassait dans son esprit les 
difficultés du circuit. Dans une demi-heure, François, son coéquipier s'arrêterait au stand : il 
abandonnerait la voiture aux mécaniciens pour une rapide vérification (essence, huile, pneus) avant 
que lui-même prenne le relais. Grégoire évitait de regarder Claude, conscient de l'angoisse qui 
l'étreignait chaque fois qu'elle attendait avec lui le moment du départ. Il savait qu'en bonne femme de 
pilote avertie, elle ne ferait rien qui puisse nuire à sa conduite. 
  JUGEZ LES INFORMATIONS SUIVANTES:  
• Claude est la copine de Grégoire 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• les mécaniciens vérifient l’huile, l’essence et les pneus  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le personnage François au moment du récit se trouve dans la voiture 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• Claude se retrouve avec sa sœur pour voir le relais 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• le relais est prévu a minuit  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• François aimerait tellement partir en vacances 










• Nous avions décidé de nous lever vers huit heures pour essayer de rejoindre le refuge avant la nuit. 
Le sac à dos qui devait contenir les provisions, les cartes, les ustensiles de cuisine fut rapidement prêt, 
mais on perdit beaucoup de temps avec les deux autres sacs dans lesquels il fallait mettre les vêtements 
et les couvertures. Nous marchâmes rapidement pendant les deux premières heures. Un chamois nous 
suivit pendant tout un temps. Nous aimons beaucoup ces promenades. L’effort rend les paysages 
magnifiques. Et puis moi, à cause de mon dos, je fus la seule à ne pas porter de sac à dos. Nous 
sursautâmes si fort lorsque le chamois dévala la pente juste derrière nous que nous décidâmes de nous 
arrêter pour reprendre notre souffle et manger. Ensuite, nous reprîmes notre course à travers la 
montagne. Vers sept heures, nous le vîmes enfin. 
  JUGEZ LES INFORMATIONS SUIVANTES:  
• les randonneurs ont pris peur à cause du chamois 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• dans l'histoire, il y a 4 personnages 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• les randonneurs sont levés vers huit heures 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• les randonneurs ont marché sans arrêt  
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• les randonneurs vers sept heures virent le refuge 
« TRES UTILE à la compréhension  // UTILE à la compréhension // PAS DANS LE TEXTE» 
• les randonneurs aiment beaucoup les promenades à la montagne 









A.38.  TEXT DIFFICULTY TASK 
The Experimental Reading Comprehension texts (texts and questions) were presented. Moreover the 
text presentation order21 was the following one:  
 
1. TEXT F 
2. TEXT E 
3. TEXT A 
4. TEXT C  
5. TEXT H 
6. TEXT B 
7. TEXT D 
8. TEXT G  
 
At the end of the test the following gird was presented.  
 
Facile Moyen Difficile Très difficile  
1 2 1 2 1 2 1 2 
        
 
 
                                                 
21 The order of text was chosen with a random procedure and was then fixed for all participants.  













RESUME EN FRANÇAIS 
 








Le but de cette étude a été  d’investiguer les différences individuelles et développementales dans la 
compréhension de textes chez des enfants, des jeunes adultes et des adultes âgés en adoptant la 
perspective de la psychologie développementale du life-span. La relation qui existe entre les 
différentes tâches cognitives qui mesurent les construits théoriques, comme la mémoire de travail, 
l’inhibition et la vitesse de traitement, supposés expliquer à la fois le développement chez les enfants 
et au cours du vieillissement, aussi bien que les relations qui existent entre ces construits et la 
compréhension de textes ont été investigués. En effet, nous pensons que le développement et le 
vieillissement cognitif peuvent être expliqués par une interaction dynamique entre un nombre limité 
de construits qui peuvent rendre compte des changements avec l’âge dans la cognition complexe, et 
plus particulièrement dans la compréhension de texte (e.g., de Ribaupierre, 2001). De nombreuses 
recherches, soit chez les enfants, soit chez les adultes, ont montré que dans cette activité cognitive 
complexe qu’est la compréhension de textes, la capacité de mémoire de travail et les processus 
d’inhibition sont impliqués. Par ailleurs, plusieurs études dans le domaine du développement et du 
vieillissement ont postulé et identifié un petit nombre de déterminants qui modulent la relation entre 
l’âge et les performances cognitives. En effet, dans les deux perspectives, du développement et du 
vieillissement, la mémoire de travail, l’inhibition et la vitesse de traitement de l’informations ont été 
étudiées comme régulateurs des changements cognitifs avec l’âge (chez les enfants: Case, 1985; 
Pascual-Leone, 1970; Kail, 1995; pour les adultes âgés: Salthouse, 1992b; Hasher & Zacks, 1988). 
Ainsi, le développement est conçu comme multidimensionnel et multidirectionnel plutôt que 
dépendant d’un seul mécanisme (e.g., de Ribaupierre, 2001). Nous avons adopté cette approche 
multidimensionnelle, considérant que plusieurs processus sous-jacents doivent être pris en compte 
pour tenter de clarifier les différences individuelles et développementales dans la compréhension de 
textes.   
ELEMENTS THEORIQUES 
Compréhension de Textes 
La compréhension de textes est une des activités cognitives parmi les plus complexes et les plus 
articulées, qui résulte de l’activation d’un ensemble de processus qui ont lieu à différents niveaux 
d’élaboration. En effet, le lecteur effectue une analyse perceptive et lexicale des stimuli, suivie de 
l’attribution d’une valeur syntaxique et sémantique aux différentes parties du texte, ceci afin de 
produire une macrostructure globale qui représente le contenu du texte. En d’autres termes, la 
compréhension passe par plusieurs niveaux: du processus de décodage perceptif de base des stimuli 
graphiques (entrées linguistiques) à l’intégration des informations du texte avec les connaissances 
linguistiques et conceptuelles de l’individu (savoirs extra-linguistiques).  
Les modèles de compréhension chez l’adulte décrivent cette activité comme un processus de 
construction d’une structure en mémoire (Kintsch, 1988) qui se base sur des propositions dérivées du 
texte et des inférences qui relient les informations du texte entre elles. Après avoir lu un texte, la 
formation d’une représentation de base est construite (van Dijk & Kintsch, 1983) et l’intégration des 







inférences plausibles avec les connaissance de bases du lecteur, stockées en mémoire à long terme, est 
réalisée. Au moment où un nouveau segment du texte est lu, le lecteur opère des inférences de 
connections (Singer et al., 1992) et stratégiques (Kintsch, 1988). Selon la théorie de construction-
intégration (Kintsch, 1988) une phase d’intégration se produit, dans laquelle les inférences qui sont 
cohérentes avec la représentation de base sont renforcées, alors que les informations qui ne peuvent 
pas être connectées sont désactivées. Des cycles itératifs de traitement se succèdent lors de la lecture 
du texte. Le produit de ces processus interactifs est une représentation mentale cohérente du texte 
(Just & Carpenter, 1992 ; Oakhill & Granham, 1988 ; Kintsch, 1988). On peut donc comparer le 
processus de compréhension à une interaction entre le texte et les structures de connaissances du 
lecteur. Ainsi, la compréhension de textes ne peut être résumée avec une seule trajectoire 
développementale. En effet, les effets de l’âge sur la compréhension varient selon la période 
considérée et le niveau de maîtrise du lecteur. Chez l’enfant, la majorité des études expliquent 
l’augmentation des performances en termes d'augmentation d’efficacité dans l’identification des mots. 
Toutefois, ces études concernent le plus souvent des enfants présentant des troubles (e.g. dyslexie) au 
niveau de la vitesse et de l’automaticité du décodage et de la reconnaissance des mots (Perfetti, 1985 ; 
Gough, 1996). Seule une partie restreinte des recherches s’est intéressée à la compréhension en 
lecture chez des enfants sans trouble d’identification de mots et avec un niveau de vocabulaire 
adéquat mais qui, malgré cela, présentent des difficultés de compréhension.  
Si les différences individuelles peuvent, au début de l’apprentissage de la lecture, être liées à 
l’identification des mots, elles sont ensuite plutôt déterminées par les processus d’intégration des 
informations contextuelles qui dépendent de la mémoire de travail. Oakhill (1982) a ainsi montré que 
certains enfants ont des difficultés spécifiques qui se situent au-delà du décodage et des connaissances 
des structures syntaxiques. Cet auteur suggère d’interpréter les différences entre enfants bons et 
mauvais lecteurs comme étant dues à une capacité surchargée de la mémoire de travail, restreignant 
l’intégration des informations, ainsi qu’à des facteurs métacognitifs.  
La grande variabilité des performances à une épreuve de compréhension de textes qui consiste à 
répondre à des questions posée après la lecture d’un texte s’observe aussi chez le lecteur expert. Il 
semblerait donc que certaines différences individuelles pourraient être expliquées par la capacité 
d’intégrer, aux connaissances de base, l’information nécessaire pour comprendre un texte. 
Comprendre un texte implique que le lecteur soit capable de traiter de nouvelles informations en les 
intégrant à la représentation qu’il a construite à partir des informations qu’il maintient en mémoire. En 
effet, généralement, les différents modèles de compréhension de l’écrit chez l’adulte s’accordent sur 
l’idée que comprendre un texte implique la construction de plusieurs représentations mentales dont la 
propriété principale est de former une structure ou une cohérence, d’abord locale, puis globale, du 
matériel lu. Cette structure intègre les parties ou les informations individuelles du texte qui resteraient 
autrement disjoints (Kintsch, 1988 ; Gernsbacher  et al. 1990, 1996 ; Just & Carpenter, 1980). Dans la 
construction de cette cohérence, on accorde une certaine importance aux processus d’inférence (e.g., 
Graesser, Singer & Trabasso, 1994) qui permettraient au lecteur de créer des connections entre 







l’information implicite et les informations du texte, enrichissant la compréhension de texte. Ces 
processus font appel aux connaissances du lecteur, pour identifier les relations entre les parties d’un 
récit et pour activer des informations sur les faits, et/ou les thèmes qui ne sont pas explicitement 
mentionnés. 
Certaines études portant sur des enfants avec difficulté de compréhension ont montré que les mauvais 
compreneurs ont des difficultés à produire les inférences, qui sont considérées déterminantes pour une 
compréhension adéquate (Cain & Oakhill, 1999). Par ailleurs, les difficultés de compréhension chez 
les adultes âgés sont aussi considérées comme une conséquence de la difficulté ou d’un déficit dans la 
capacité d’effectuer des inférences (e.g., Zacks & Hasher, 1989 ; Hamm & Hasher, 1992). Cependant, 
au niveau du vieillissement, les résultats en faveur d’un déclin ou d’un maintien avec l’âge dans les 
habiletés de compréhension de textes sont assez controversés ; certaines études montrent un déclin lors 
de la production d’inférences en vieillissant et d’autres montrent plutôt un déclin lié au rappel de 
détails (Meyer & Rice, 1986). Plus généralement, il n’est pas clair au niveau de la littérature si la 
compréhension de textes reste intacte ou est affectée au cours du vieillissement. Toutefois, il est 
possible d’attribuer ces résultats discordants à plusieurs facteurs : le type de texte (narratif ou 
descriptif), la difficulté du texte (niveau de l’élaboration), et les caractéristiques du lecteur (e.g., Meyer 
& Rice, 1983). Les adultes âgés avec des faibles habiletés verbales qui doivent lire et comprendre de 
longs textes comportant une structure syntactique complexe, et auxquels on demande de rappeler les 
textes, ont un niveau de compréhension plus bas que les jeunes adultes. Cependant, plusieurs 
recherches ont démontré des similarités entre les habiletés de compréhension des jeunes et des âgés. 
En effet, indépendamment de l’âge, les jeunes et les âges sont plus enclins à rappeler les propositions 
les plus importantes (Dixon, et al., 1982 ; Rice et Meyer, 1981)  et/ou les mêmes types d’unités 
textuelles (Zelinski et al, 1980). De plus, les jeunes adultes comme les âgés sont  favorisés si les temps 
de présentations des textes sont libres et s’ils peuvent mettre à jour les modèles situationnels du texte. 
Par ailleurs, la variabilité dans les performances de compréhension chez les adultes âgés montre que le 
vieillissement est caractérisé par une variabilité inter-individuelle plus marquée que chez les jeunes 
adultes, ce qui rejoint les résultats d’autres travaux sur le vieillissement cognitif (e.g. Baltes, 1987). De 
plus, dans toutes les situations de compréhension de textes dans lesquelles la compréhension de textes 
(au sens strict du terme) plutôt que le rappel pour le texte est demandé, la performance des âgés ne 
diffère pas de celle des jeunes adultes (e.g., De Beni et al., 2003). On peut donc affirmer que le 
vieillissant ne comporte pas un déclin dans la compréhension de textes aussi important et dramatique 
que ce que l’on pourrait attendre. Les recherches menées par Radvansky (2003, 2001 ; 1996), aussi 
bien que l’étude de Adams (1991) conduite dans une perspective life-span, suggèrent que les habiletés 
de compréhension ne se détériorent pas avec l’âge, mais que ce serait plutôt l’aptitude du lecteur vers 
le texte qui changerait au cours du vieillissement. Les adultes âgés mettraient en premier plan le 
modèle situationnel du texte (le contenu du texte), alors que les jeunes privilégieraient le niveau du 
surface du texte. On relèvera enfin qu’un déclin univoque de la compréhension chez l’adulte très âgé 
est toujours présent, indépendamment du type de texte présenté et des caractéristiques du lecteur.   







Mémoire de travail 
Pour comprendre un texte, ce qui a été lu doit rester activé et disponible en mémoire. La capacité à 
traiter les informations, les intégrer et les stocker simultanément semble ainsi très impliquée dans la 
compréhension de textes écrit. Cela peut être une source d’explication des différences individuelles et 
développementales. En effet, le concept de mémoire de travail est évoqué pour rendre compte des 
changements cognitifs avec l’âge, aussi bien chez les enfants que chez les personnes âgées.  
La mémoire de travail est souvent conceptualisée en termes d’activation d’un sous-ensemble de la 
mémoire à long terme, et la quantité d’informations qui peuvent être activées simultanément est 
conçue comme limitée. Ces limites fixeraient la capacité de la mémoire de travail et varieraient avec 
l’âge dans le sens d’une augmentation chez les enfants (Pascual-Leone, 1987 ; Case, 1985) et d’une 
diminution chez les personnes âgées (e.g., de Ribaupierre & Ludwig, 2003 ; Salthouse, 1991). En 
accord avec Pascual-Leone (2000) et Engle (2000), nous pensons que l’attention contrôlée est le 
déterminant crucial des différences individuelles dans les tâches complexes de mémoire de travail. 
Nous considérons que la mémoire de travail est utilisée essentiellement pour maintenir et traiter les 
informations au niveau attentionnel et qu’elle n’est pas spécialisée (e.g., Turner & Engle, 1989 ; 
Engle et al., 1992). Par conséquent, les limites dans les ressources de traitement des informations 
contraindraient le fonctionnement cognitif dans un ensemble de tâches cognitives complexes, telles 
que la compréhension de textes. On peut relever qu’un point commun à certains modèles généraux de 
la compréhension est que les traitements effectués, et la qualité des représentations construites, sont 
soumis à la contrainte de la capacité limitée de la mémoire de travail. Just et Carpenter (1992) 
expliquent ces limites en termes de quantité de ressources disponibles ou de quantité maximale 
d’activation disponible pouvant être allouée au traitement et au stockage. Kintsch et Van Dijk (1978 ; 
1995) font référence à un buffer de capacité limitée, puis à des stratégies de récupération des éléments 
stockés en mémoire à long terme (Ericsson & Kintsch, 1995). Gernsbacher (1996) parle plus 
généralement de mécanismes de majorations (activation) et de suppressions (de-activation) entre les 
réseaux activés en mémoire.  
Une large partie de la littérature a montré le rôle de la mémoire de travail en expliquant les 
différences individuelles et les différences d’âge dans la compréhension de textes (pour les enfants, 
e.g. : Swanson, 1992, 1994 ; Siegel, 1994 ; Cain et al., 2000 ; pour les personnes âgées, e.g. : Van der 
Linden et al., 1999 ; De Beni et al., in press). Une performance en mémoire de travail restreinte est 
associée à une réduction de la compréhension pour le texte, puisque le lecteur n’est pas capable de 
maintenir temporairement les buts liés à la tâche en mémoire, ni de récupérer les informations du 
texte pour construire une représentation cohérente de ce qu’il a lu.  
Inhibition  
Lors de la compréhension d’un texte, si toutes les informations lues restaient en mémoire, la 
mémoire de travail serait rapidement saturée et la compréhension serait compromise. Ainsi, les 
modèles de compréhension sont aussi compatibles avec l’hypothèse de l’intervention d’un mécanisme 
permettant de n’intégrer que les informations pertinentes pour la construction de la représentation 







finale : un mécanisme inhibiteur. Gernsbacher (1996) souligne le rôle d’un mécanisme de suppression 
dans la compréhension. Celui-ci aurait pour rôle de désactiver en mémoire les noyaux correspondants 
aux informations non pertinentes pour la signification du passage, qui, sinon, resteraient activées. Ce 
mécanisme de suppression expliquerait aussi les différences individuelles. Les mauvais lecteurs, 
n’arrivant pas à inhiber les informations et leurs structures relatives qui se sont révélées non 
pertinentes, maintiendraient actives trop de sous-structures. Certains auteurs ont aussi rapproché la 
mémoire de travail et les processus inhibiteurs. Pour Cantor et Engle (1993), les différences dans la 
capacité de la mémoire de travail seraient explicables en termes de ressources attentionnelles qui 
assurent, non seulement des fonctions d’activation mais aussi d’inhibition. Les sujets à empan faible, 
qui disposent de ressources limitées, auraient plus de difficultés à inhiber les informations non 
pertinentes (Conway et Engle, 1994). Le modèle de Pascual-Leone est un autre exemple. En effet, 
dans ce modèle, la capacité de mémoire de travail implique à la fois une capacité d’activation 
(opérateur M) et une capacité d’inhibition (opérateur I). L’opérateur I représenterait la capacité 
intrinsèque du sujet à désactiver les schèmes d’action qui sont jugés non pertinents par rapport au 
problème considéré. Cet opérateur, comme l’opérateur M, diminuerait en efficacité au cours du 
vieillissement. Hasher et al. (1988) font l’hypothèse que l’inhibition exerce une influence sur 
l’efficacité du système cognitif en contrôlant les contenus de la mémoire de travail. Dans le cas de la 
compréhension, la mémoire se mettrait à jour au fur et à mesure de la lecture, par l’inhibition des 
informations obsolètes, aussi bien que par le maintien et l’intégration des informations du texte qui 
sont indispensables pour sa compréhension. Hasher et al. (1988) proposent trois processus par 
lesquels l’inhibition contrôlerait les contenus de la mémoire de travail : 1) la limitation de l’accès aux 
informations non pertinentes pour la tâche (fonction d’accès); 2) la suppression des informations qui 
ne sont plus pertinentes (fonction de délétion); 3) la prévention du retour de l’attention sur un item 
précédemment rejeté, avant que des alternatives plus faibles aient été considérées (fonction de 
restriction).  
L’inhibition a aussi été évoquée pour rendre compte des changements développementaux dans la 
mémoire et la cognition de l’enfance à l’âge adulte avancé. Les enfants seraient de mauvais 
inhibiteurs car ils pourraient difficilement supprimer l’activation d’informations non pertinentes et 
leurs associations lors du traitement cognitif des informations (Harnishfeger et Bjorklund, 1993). A 
l’âge adulte avancé, un déficit au niveau de l’inhibition entraînerait une activation et un traitement des 
informations non pertinentes dans la compréhension ou le rappel de textes (Hasher et Zacks, 1988). 
L’hypothèse sous-jacente à ces travaux est que les déficits cognitifs liés à l’âge et les différences 
individuelles dans la compréhension sont fonction de l’efficacité du contrôle inhibiteur de l’attention. 
Cependant, même dans cette optique, l’hypothèse d’un déclin chez les personnes âgées n’est pas 
toujours confirmée. Certaines études ne montrent pas de différence entre jeunes adultes et adultes 
âgés dans la capacité à supprimer l’activation d’informations non pertinentes lors d’une tâche de 
compréhension (e.g. Radvansky et Curiel 1998) ou lors d’un paradigme d’amorçage négatif (May et 
al. 1995 ; Little, Hartley, 2000). Ces résultats montrent que l’effet de l’âge sur l’inhibition n’est peut-







être pas aussi important qu’on a pu le supposer. Par ailleurs, il faut aussi remarquer que, bien que les 
recherches sur l’inefficacité des mécanismes inhibiteurs soient relativement nombreuses, peu de 
travaux ont étudié directement le rôle de l’inhibition dans les différences d’âge en mémoire de travail 
ou dans la compréhension des textes. De plus, le rôle de la mémoire de travail et de l’inhibition a été 
souvent étudié directement dans des épreuves de compréhension. Dans ce domaine, la plupart des 
études se sont centrées sur l’utilisation de paradigmes de compréhension pour lesquels, soit le degré 
des informations à inhiber, soit la demande de la mémoire de travail ont été manipulés à l’intérieur 
des textes proposés. De là, l’exigence de dissocier les processus de compréhension, de ceux de 
«mémoire» et d’ «inhibition» s’impose.  
Sur un plan plus général, la capacité à maintenir activement et temporairement les informations 
(mémoire de travail), ainsi que l’habileté à supprimer les informations non pertinentes sont supposées 
être des médiateurs des différences d’âge chez les enfants et les adultes.  
Vitesse de traitement de l’information 
La vitesse de traitement de l’information (vitesse d’exécution des opérations mentales) est un autre 
construit évoqué pour expliquer les différences cognitives liées à l’âge. Les auteurs qui adoptent cette 
perspective considèrent la vitesse de traitement, comme une ressource générale de traitement et 
postulent, chez l’enfant, qu’une exécution plus rapide des opérations cognitives avec l’âge permettrait 
de mieux traiter les informations et d’en traiter plus (Case, 1985). L’augmentation chez les enfants et 
la diminution chez les adultes âgés des ressources de traitement est ainsi utilisée pour expliquer les 
changements avec l’âge dans la cognition et donc dans la compréhension de textes. Par ailleurs, la 
vitesse de traitement est aussi considérée expliquer les changements en mémoire de travail. Ainsi, 
plus rapidement on traite ou on active les informations, plus grande sera la quantité d’information 
traitées (Case, 1985). Fry et Hale (1996) ont montré que l’augmentation de la vitesse de traitement 
chez les enfants ou les adolescents est associée avec une augmentation dans la capacité de la mémoire 
de travail. Chez l’adulte, selon Salthouse (e.g., Salthouse 1992), la vitesse d’exécution d’opérations 
élémentaires est un médiateur important des relations entre l’âge et mémoire de travail.  
La convergence des hypothèses avancées dans le champ du développement et du vieillissement est 
assez importante. En effet, dans les deux champs de recherche, l’inhibition et la vitesse de traitement 
sont considérées expliquer les différences d’âge dans la performance en mémoire de travail, qui à son 
tour serait responsable des changements cognitifs dans la cognition complexe.  
Plusieurs recherches ont avancé l’hypothèse que les différences d’âge en mémoire de travail, 
inhibition et vitesse de traitement pourraient expliquer les différences d’âge dans la cognition 
complexe, comme la compréhension de texte (e.g., Hultsch et al., 1990 ; Hartley, 1986). Il existe 
toutefois peu de recherche qui ont étudié chez des enfants et des personnes âgées ces construits 
susceptibles d’être à l’origine des changements avec l’âge dans la compréhension de textes.  
Nous avons donc adopté une approche développementale et un plan multivarié pour étudier 
conjointement l’influence de ces processus sur les changements dans la compréhension de textes avec 
l’âge.  







BUT DE L’ETUDE 
La revue de la littérature suggère que la capacité de mémoire de travail, les mécanismes d’inhibition 
ainsi que la vitesse de traitement rendent compte de différences individuelles et d’âge dans la 
performance cognitive, par exemple dans la compréhension de textes. Cependant, à notre 
connaissance, la prise en compte conjointe de ces construits dans l’explication des différences d’âge 
dans la compréhension de textes n’as pas été considérée en littérature, à l’exception de deux études 
dans portant sur le vieillissement. Aucune étude n’a été conduite chez l’enfant. La présente étude a 
donc plusieurs objectifs. 
Le premier est d’ordre développemental. Il vise à examiner les différences d’âge dans la 
compréhension de textes, la mémoire de travail et l’inhibition chez les enfants et les adultes âgés. 
Pour étudier le rôle de la mémoire de travail, de l’inhibition comme des médiateurs des effets d’âge 
dans le rappel de détail et la production d’inférence dans la Compréhension et la Mémoire pour le 
texte, une perspective life-span a donc été utilisée. Si la mémoire de travail et l’inhibition jouent un 
rôle crucial dans la compréhension, la question est d’investiguer si ces construits expliquent de la 
même manière les différences d’âge chez les enfants et les adultes âgés.  
Le deuxième objectif est corrélationnel et consiste à adopter une perspective multivariée pour étudier 
l’influence conjointe de la mémoire de travail et de l’inhibition, supposées être impliquées dans la 
compréhension de textes, sur les habileté de compréhension. L’administration de plusieurs tâches de 
mémoire de travail, d’inhibition et de compréhension de textes aux mêmes individus de différents 
groupes d’âge (enfance, âge adulte, vieillissement) devrait permettre de dégager des conclusions 
concernant les relations entre les processus étudiés, et supposés généraux.  
Le troisième objectif est expérimental et consiste à dissocier la compréhension en tant que telle et la 
mémoire pour le texte. Il est important de souligner que la plupart des études qui ont montré un déclin 
dans la compréhension chez les adultes âgés a utilisé des paradigmes de compréhension dans lesquels 
la compréhension était mesurée en termes de rappel du texte. Ainsi, l’une des raisons de la 
discordance de résultats relevée dans la littérature pourrait être que les différentes études qui montrent 
une diminution de la compréhension de textes avec l’âge s’appuient sur une manipulation de la 
structure interne des textes et des informations présentées. Les textes, plutôt que d’être des tests de 
compréhension «pure», pourraient en conséquence être surtout des tâches d’inhibition ou de mémoire 
de travail. Ainsi, dans le présent travail, une nouvelle tâche de compréhension a été élaborée afin de 
pouvoir distinguer les processus de compréhension de ceux «de mémoire et d’inhibition» impliqués 
dans cette activité. Dans cette tâche, comprenant une série de textes, suivis de questions, deux 
conditions expérimentales ont été définies : une, condition appelée « Compréhension», similaire aux 
conditions de lecture au quotidien, et l’autre, appelée « Mémoire». Dans la première, le texte reste à 
disposition du sujet, qui peut le relire ou le consulter, avant de répondre aux questions. Dans la 
deuxième condition, le texte disparaît après la lecture ; ainsi le sujet doit faire appel à sa capacité de 
mémoire de travail et à l’efficacité de ses mécanismes inhibiteurs pour répondre correctement aux 
questions.  







Un dernier objectif du présent travail a été celui d’étudier, dans la compréhension, les différences 
entre les détails et les inférences, en comparant le rappel des détails avec la production d’inférence. 
Actuellement, on connaît peu de choses quant à l’impact sur le rappel de détails ou de la production 
des inférences sur la compréhension de textes. Sans doute, la production d’inférences est cruciale pour 
comprendre un texte. Néanmoins, dans certaines conditions de lecture, le rappel de détails peut aussi 
avoir un rôle important lors de la compréhension (par exemple, les conséquences négatives de ne pas 
comprendre les instructions sur une notice de médicament). La littérature sur le développement s’est 
surtout focalisée sur les inférences. Chez l’enfant, on connaît très peu sur le développement des 
détails. En ce qui concerne les âgés, les résultats sont controversés, à la fois en ce qui concerne 
l’habileté à produire des inférences ou celle à rappeler les détails. Certaines études montrent un déclin 
en fonction de l’âge dans la capacité d’opérer des inférences (Cohen, 1981) et d’autres non (Belmore, 
1981). Selon certaines études, il semble que les adultes âgés privilégient l’utilisation de leurs 
ressources pour le traitement des détails au détriment de la production d’inférences logiques. Pour 
clarifier cette controverse, nous avons formulé pour chaque texte des questions de détail et des 
questions nécessitant la production d’inférence, afin d’étudier aussi bien la sensibilité du type de 
questions en fonction de l’âge, que le poids de la condition (Compréhension – Mémoire pour le texte) 
par rapport au rappel des détails et des inférences.  
Par ailleurs, s’il est intéressant d’investiguer le développement des détails et des inférences, il est 
également intéressant de tester s’ils sont prédits par les mêmes mécanismes cognitifs. 
Un plan multivarié a été adopté pour étudier les processus cognitifs qui pourraient expliquer les 
différences individuelles et développementales dans la compréhension de la lecture. L’administration 
de plusieurs tâches d’inhibition, de mémoire de travail et de compréhension de la lecture aux mêmes 
individus de différents groupes d’âge (enfance, âge adulte, vieillissement) devrait permettre de 
dégager des conclusions concernant les relations entre des processus supposés généraux. L’utilisation 
d’une approche développementale et l’administration des mêmes épreuves au cours de la vie devrait 
permettre : 1) de préciser l’ampleur des modifications de la mémoire de travail, des mécanismes 
d’inhibition et de la compréhension de textes au cours du développement et du vieillissement ; 2) de 
mettre en évidence les facteurs impliqués dans la compréhension de textes, en particulier pour le 
rappel de détails et la production d’inférences, selon la période d’âge étudiée, afin d’expliquer les 
différences individuelles observées dans cette activité cognitive ; 3) de prédire les performances en 
compréhension à partir d’autres épreuves indépendantes d’inhibition, de mémoire de travail et de 
vitesse de traitement ; 4) d’évaluer si la dimensionnalité de l’inhibition cognitive, mesurée avec 















L’échantillon comporte 271 sujets, dont 60 enfants repartis en trois groupes d’âge de 10, 11 et 12 
ans (N=18, 18, 24), 94 jeunes adultes (20-35, âge moyen = 23.27, subdivisé en deux groupes 
équivalents) et 155 personnes âgées (60-88 ans, âge moyen de 70.60). Le groupe de personnes âgées a 
été subdivisé en « < 70 ans » (N= 62, âge moyen de 65.90 ) et « > 70 ans »  (N= 55, âge moyen de 
75.90). Tous les participants étaient en bonne santé, et parlaient couramment le français, soit étant de 
langue maternelle française, soit ayant effectué une partie ou toute leur scolarité en français. 
Les jeunes adultes étaient des étudiants à la Faculté de Psychologie et des Sciences de l’Education 
de l’Université de Genève et ont pris part à l’étude dans le cadre d’un pré-requis pour un cours. Les 
adultes âgés ont été recrutés principalement par le biais d’une petite annonce dans le journal d’une 
association de retraités ou dans le cadre de l’Université du Troisième Age. 
Pour les analyses, nous avons réparti les participants en deux sous-échantillons : les enfants et un 
groupe des jeunes adultes ont constitué le sous-échantillon des Jeunes ; l’autre groupe des jeunes 
adultes et celui les adultes âgés ont constitué le sous-échantillon des Adultes.  
Le développement de cette étude s’est inscrit autour d’une recherche, dirigée par le Prof. Anik de 
Ribaupierre et financée par le FNRS, qui portait sur la dimensionnalité de l'inhibition au cours du "life 
span". La présente étude comporte de nombreuses épreuves développées dans le cadre de cette 
recherche FNRS.  Une partie des individus de notre échantillon (31% des adultes âgés et 23% des 
adultes jeunes) a participé dans un premier temps à l’étude FNRS, la majorité des épreuves leur ont 
ainsi été administrées dans ce contexte. L’ensemble de tâches a été administré dans un ordre constant, 
sur 5 sessions de 90 minutes pour les adultes et 7 sessions de 40 minutes pour les enfants. 
Tous les participants ont été examinés individuellement et ont reçu une batterie de tests évaluant les 
différents construits cognitifs d’intérêt. Les tâches principales sont de quatre types : 1) compréhension 
de textes, 2) mémoire de travail, 3) inhibition, 4) vitesse de traitement de l’information. Les tâches de 
mémoire de travail et d'inhibition, ainsi que les tests de vitesse de traitement de l’information et les 
tâches de "contrôle" ont été développés par l'équipe d’A. de Ribaupierre et ont été utilisés dans le 
cadre de l’étude FNRS.  
Tâches  
Tâches de compréhension de textes 
Epreuves standardisées. 
Il nous a paru nécessaire d’utiliser des épreuves standardisées, pour pouvoir disposer de normes. 
Toutefois le choix de tels tests de compréhension standardisés pour enfants et adultes est extrêmement 
restreint en langue française.  
Comme mesure globale des capacités de compréhension chez l’adulte, nous avons opté pour un test 
américain, le Nelson-Denny, très souvent utilisé dans ce domaine. Ce test a été traduit et adapté par 
l’équipe parisienne de M.F. Ehrlich. Pour les enfants, cependant, un test de compréhension de même 







structure (des récits accompagnés par des réponses à choix multiple), Orlec-C (L4) (Lobrot, 1980), a 
été utilisé. En effet le Nelson-Denny se caractérise par une complexité linguistique et narrative trop 
élevée pour des enfants.  
Le même problème s’est posé dans le choix des textes pour la tâche de compréhension spécifique à 
ce travail et donc à l’égard des aspects spécifiques de la compréhension que nous avons voulu étudier. 
Nous avons ainsi élaboré notre propre épreuve, en nous inspirant  des textes utilisés dans le manuel 
« L’évaluation des compétences d’un lecteur», (Aubert, Blanchard, I.N.E.T.O.P., 1988). Nous avons 
modifié certains textes et reformulé certaines questions afin d’obtenir des textes pouvant être 
administrés aussi bien à des enfants et à des adultes. En outre, pour l’échantillon des adultes, deux 
autres textes de difficulté supérieure issus des épreuves utilisées par Van der Linden et al. (1999), ont 
été ajoutés afin de mieux évaluer leur habiletés de compréhension et d’éviter d’éventuels effets 
plancher.  
Pour les enfants nous avons utilisé l ‘Orlec-C (L3), qui requiert la lecture de différents textes et la 
réponse à des questions à choix multiple. En outre, des épreuves standardisées papier-crayon, ont été 
administrés pour détecter d’éventuels problèmes de lecture (One_Minute test et Belec).  
Epreuve expérimentale de compréhension de textes. 
Le test «Evaluation des compétences d’un lecteur » (INETOP), dont nous nous sommes servi pour 
la création de l’épreuve propre à ce travail, évalue la compréhension de textes écrits en situation de 
lecture silencieuse. Il est proposé à des sujets dont le niveau scolaire se situe entre celui du cours 
élémentaire et celui de la secondaire avancée (de 8 à 16 ans). Les tests de ce manuel comportent une 
lecture attentive de différents textes narratifs, suivie de cinq questions dont la réponse est à compléter, 
les premiers mots étant fournis. En ce qui concerne la syntaxe, la construction des phrases, 
l’articulation des propositions et le type de réponse (nécessité ou non d’interpréter le récit pour 
répondre) sont fonction du niveau scolaire. À partir du manuel INETOP, les textes qui étaient 
assignés pour les âges de 10-11 ans jusqu’à 16 ans ont été sélectionnés. Le choix des textes a été dicté 
par les objectifs suivants : 1) essayer, autant que possible, d’utiliser les mêmes textes pour les trois 
groupes d’âge ; 2) formuler, pour chaque récit choisi, des questions de détail et d’inférence ; 3) 
obtenir deux ensembles de textes de niveau de difficulté équivalente. En effet, notre but était de 
pouvoir présenter deux groupes de textes, comparables en difficulté, dans les deux conditions 
expérimentales mentionnées plus haut, à savoir: une condition «Compréhension» dans laquelle le 
sujet dispose du texte pour répondre aux questions, et une condition «Mémoire » pour le texte dans 
laquelle le sujet lit le texte et répond aux questions une fois que le récit n’est plus disponible. La 
difficulté des textes a été contrôlée en recourant à deux types de procédures : Une analyse de la 
structure des textes (cf. Kemper, 1992) et une tâche de contrôle dans laquelle un échantillon de jeunes 
adultes devait juger la difficulté des textes (textes et questions). La longueur des textes et des 
questions a également été contrôlée, afin de limiter l’influence de ce facteur sur les temps de lecture et 
de réponse. De plus, pour s’assurer que les questions d’inférences posées après la lecture de chaque 
texte étaient nécessaires pour réussir à construire une représentation du texte, une tâche de contrôle 







dans laquelle il s’agissait de juger de l’utilité des questions pour comprendre le texte, a été 
administrée à un groupe supplémentaire de jeunes adultes. Les résultats ont montré l’utilité des 
informations sur lesquelles portaient les questions d’inférences.  
L’épreuve ainsi élaborée a été administrée par ordinateur. Pour chaque condition «Compréhension» 
et «Mémoire», 3 textes, suivis de 3 questions de détail et de 3 questions d’inférence thématique, ont 
été  présentés. Dans la condition «Compréhension» (ou « Présence »), le texte restait affiché à l’écran 
lorsque les questions étaient présentées. Dans cette condition, le sujet pouvait donc s’aider du texte 
avant de donner la réponse. Dans la condition « Mémoire » (ou «Absence»), le texte disparaissait lors 
de l’apparition de la première question. Pour chaque condition, nous avons introduit 3 niveaux de 
difficulté des textes (un moyen, un difficile et un très difficile pour les adultes ; un facile, un moyen, 
et un difficile pour les enfants). Les textes ont été contrebalancés, engendrant ainsi deux groupes de 
textes dans un plan intra-sujet. Pour les deux groupes, les textes en «Compréhension» étaient toujours 
présentés en premier (le fait de commencer cette épreuve par cette condition se justifie du fait que 
cette condition est plus proche de la lecture au quotidien et devrait donc moins gêner les sujets au 
moment du changement avec la condition d’absence). De plus, compte tenu du plan expérimental 
d’ensemble, il était impératif que les sujets commencent les conditions dans le même ordre. Pour 
entraîner le sujet aux différentes conditions, un test de familiarisation, dans les deux conditions 
expérimentales a été administré. On proposait un récit court et très simple, suivi d’une seule question. 
L’ordre de présentation des textes (moyen, difficile, très difficile) et l’ordre des questions (détail, 
inférence, détail…) étaient fixes pour chaque groupe. 
La comparaison entre les trois groupes d’âge n’a été effectuée que pour les textes du niveau moyen 
et difficile. Les temps médians de lecture des textes, le temps médians de réponse aux questions selon 
la condition et le type de question, le nombre d’erreurs aux questions de détail et d’inférence ont été 
les variables dépendantes.  
Tâche de Mémoire de travail  
Pour étudier la Mémoire de travail, deux tâches ont été utilisées: une tâche de nature verbale, le 
Reading Span Test, et trois versions de la tâche des Matrices, de nature visuo-spatiale .  
Le Reading Span Test (Daneman et Carpenter, 1980 et adapté par A. de Ribaupierre & al., 1993) 
nécessite le traitement d'une série de phrases et le rappel du dernier mot de chaque phrase. L'épreuve 
comprend deux phases : 1) décision sémantique : le sujet doit juger la véracité ou plausibilité de 
chaque phrase présentée ; 2) décision sémantique et simultanément rétention du dernier mot de 
chaque phrase. Dans la deuxième phase, le rappel a lieu à la fin de chaque série de phrases 
successives dont la longueur varie entre 2 et 5 phrases. Étant donné que le Reading Span Test est une 
tâche duelle de mémoire de travail, dans laquelle un traitement et un stockage simultanés 
d’informations sont requis, elle fournit une mesure de la capacité en mémoire de travail des sujets. Ce 
test, de plus, demandant une activité de lecture, est donc relativement proche de la compréhension. Le 
score principal utilisé est le nombre de mots correctement rappelés, indépendamment de l'ordre de 
rappel. 







En ce qui concerne la mémoire de travail visuo-spatiale, trois versions de l’épreuve des Matrices ont 
été utilisées : Matrices Simple Position, Matrice Double Verbale et Matrice Simple Mots. Dans cette 
tâche, sur une matrice de 5x5 cases présentées sur ordinateur, une série de positions ou de mots 
(respectivement dans la version simple position et simple mot) ou des deux (version double verbale) 
sont présentées. Le sujet doit restituer les stimuli préalablement vus. La passation pour chacune des 
trois versions est adaptative : le sujet doit réussir à mémoriser un item de difficulté x pour pouvoir 
passer à un item de classe supérieure (x+1) ; en cas d’échec, il reçoit un item de complexité inférieure 
(x-1). La différence entre les trois versions se situe dans l’information à mémoriser. Dans les versions 
«simples», seule les positions ou les mots doivent être traités. Ainsi, elles nous fournissent une 
mesure de l’empan visuo-spatial et l’empan de mots. Dans la version double, cependant, le traitement 
à la fois des positions et des mots, fournit une mesure de la capacité de la mémoire de travail, sous la 
forme des associations entre les deux types d’éléments. Le score principal est le nombre moyen de 
position, de mots ou d’associations correctement rappelées, respectivement pour chaque version. 
Tâches d’Inhibition 
Pour investiguer l’inhibition, quatre épreuves ont été utilisées. Elles varient selon qu’elles font plus 
ou moins appel à des processus linguistiques semblables à ceux qui sont impliqués dans la 
compréhension. Ainsi, une épreuve comme le «Stroop Couleur», tout en demandant une réponse 
verbale, partage relativement peu de processus avec la compréhension de texte. Au contraire, le 
paradigme du « Hayling », partage plus de processus avec la compréhension. Dans, cette épreuve de 
nature verbale, les sujets doivent compléter des phrases dites high-cloze pour lesquelles le mot 
manquant s’impose de façon obligatoire, mais pour lesquelles il s’agit de fournir un mot qui ne fait 
aucun sens dans le contexte de la phrase. Ainsi, le lecteur doit être capable de supprimer une idée ou 
une interprétation dominante du texte, si celle-ci se révèle incorrecte. Enfin, dans un paradigme 
comme celui d’ «Oubli Dirigé», dans lequel on demande aux sujets d’oublier certains mots ayant dû 
être traités, pourrait faire appel à des processus d’inhibition similaires à ceux évoqués dans l’activité 
de lecture. 
Dans le Stroop Couleur (Stroop, 1935) informatisé, le sujet doit dénommer le plus rapidement 
possible la couleur de l'encre de mots qui lui sont présentés sur un écran d’ordinateur. L’épreuve 
comprend 5 conditions de dénomination : 1) mots neutres (contrôle 1), 2) signes sans signification 
(contrôle 2), 3) mots de couleur correspondant (condition congruente) 4) ne correspondant pas 
(condition incongruente) à la couleur de l’encre, et 5) mots de couleur dont la couleur de l’encre a dû 
être ignorée lors de l’item précédent (condition d’amorçage négatif). Les temps médians de réponse et 
la nature de la réponse sont les variables dépendantes. Des indices d'interférence [(condition 
incongruente – condition signes) / condition signes], de facilitation [(condition congruente - condition 
signes) / condition signes] et d'amorçage négatif [(condition amorçage négatif – condition 
incongruente) / condition incongruente] ont été calculés afin d’obtenir la mesure la plus pure possible 
de l’effet d’interférence, de facilitation ou d’inhibition. 







Dans la tâche informatisée du Hayling (adaptée de Bjork, 1989; Harnishfeger et Pope, 1996) on 
présente au sujet des phrases incomplètes mais dont le dernier mot est très prévisible (« high-cloze »). 
Dans une condition, les participants doivent compléter la phrase par le mot attendu (« initiation »), 
tandis que dans une autre, ils doivent produire un mot qui ne donne pas de sens à la phrase 
(« inhibition »). Les phrases sont présentées au centre de l’écran sur un fond noir. La phrase reste 
affichée jusqu’à la réponse du sujet. L’épreuve se déroule en trois phases. La première (condition 
d’initiation A) consiste à présenter 15 phrases « high-cloze » dont le dernier mot manque, et que les 
sujets doivent compléter par un mot qui donne du sens à la phrase. Dans la seconde phase (condition 
d’inhibition B), les individus doivent générer un mot non attendu pour 15 nouvelles phrases « high-
cloze » (phrases différentes de celles de la première phase), en respectant les contraintes de genre et 
de nombre introduites par la phrase. Lors de la troisième phase (condition d’inhibition A’), on 
représente aux sujets les phrases proposées en phase A, mais, cette fois-ci, ils doivent produire un mot 
qui ne donne aucun sens à la phrase, tout en respectant les contraintes de genre et de nombre de la 
phrase. L’épreuve du Hayling comprend une partie apprentissage et une partie test par condition. On 
administre toujours les conditions dans le même ordre : condition d’initiation A, condition 
d’inhibition B, condition d’inhibition A’. Les temps médians de réponse et le pourcentage de phrases 
correctement complétées dans la condition inhibition et initiation sont les variables dépendantes. Un 
indice d’inhibition a également été calculé par sujet sur les temps de réponse et sur les réponses 
correctes. Celui-ci est calculé comme suit : [(condition A’ (inhibition)- condition A (initiation)) / 
condition A (initiation)]. 
Dans l’Oubli Dirigé bloqué (adaptée de Bjork, 1989; Harnishfeger et Pope, 1996) le sujet doit lire et 
mémoriser une liste de 20 mots présentés séquentiellement par l’ordinateur.  Après le dixième mot, 
une consigne indique au sujet soit de continuer à mémoriser la liste dans sa totalité, soit d’oublier la 
première moitié des mots et d'apprendre le reste de la liste. Quatre conditions expérimentales sont 
utilisées : 1) «mémoriser - total» (Remember-All) : continuer à mémoriser le reste de la liste et 
rappeler tous les mots ; 2) «oublier - sélectif» (Forget-Only) oublier la 1ère moitié de la liste et 
rappeler les 10 derniers mots; 3) «mémoriser - sélectif» (Remember-Only) : continuer à mémoriser le 
reste de la liste et rappeler les derniers mots ; 4) «oublier - total» (Forget-All) : oublier la 1ère partie 
de la liste mais quand même rappeler tous les mots. Les scores utilisés sont le nombre de mots 
correctement rappelés par moitié de liste. Des indices de bénéfice de l’oubli dirigé ont été calculés. De 
plus, les erreurs « intrusion », c’est a dire la proportion de mots à oublier dans la 
condition «remember-only » et « forget-only » qui sont rappelés, constituent une variable dépendante 
supplémentaire.  
Tâches de Vitesse de traitement 
Ce construit a été étudié par deux tâches souvent utilisées dans la littérature, qui ont été adaptées de 
Salthouse (1992) : La comparaison de signes et la comparaison de lettres. Dans ces deux tâches 
papier-crayon, les sujets doivent comparer et décider le plus rapidement possible si deux signes, 







respectivement deux séries de lettres sans sens, sont identiques ou non. Le temps nécessaire pour 
compléter chaque page est chronométré, et le nombre total d’erreurs par page est calculé. 
Des épreuves contrôle ont aussi été administrées pour s’assurer que l’échantillon utilisé 
correspondait aux données de la littérature. Ainsi, une échelle de vocabulaire (Mill Hill, partie B, 
administrée seulement aux adultes), une épreuve de fluence verbale phonologique, une épreuve de 
vitesse de lecture, et les Matrices Progressives de Raven (PM38) ont été utilisées. 
Analyses 
Deux types d’analyses ont été conduits : d’une part, des analyses univariées permettant de tester les 
différences d’âge dans les construits d’intérêt, et d’autre part, des analyses multivariées, permettant 
d’étudier les relations entre les construits considérés. 
Hypothèses théoriques générales  
En ce qui concerne les différences d’âge, une première hypothèse, très générale, postule un 
changement avec l’âge dans les construits étudiés, sous la forme d’une augmentation des 
performances durant l’enfance, et d’une diminution de celles-ci lors du vieillissement. En effet, on 
s’attend à ce que la gestion des ressources, reflétée par les différents construits, s’améliorerait avec 
l’âge chez l’enfant pour diminuer en efficacité lors du vieillissement. Ainsi, nos résultats devraient 
montrer des effets d‘âges dans toutes les tâches de compréhension, de mémoire de travail, d’inhibition 
et de vitesse de traitement en comparant à la fois les enfants et les jeunes adultes, d’une part, et les 
jeunes adultes et les adultes âgés, d’autre part. En ce qui concerne le groupe des âgés nous avons 
distingué entre jeunes-âgés et âgés-âgés pour mieux clarifier l’impact du vieillissement sur les 
construits étudiés. 
Une seconde hypothèse générale avance que la mémoire de travail et les mécanismes inhibiteurs 
sont des causes possibles rendant compte des différences individuelles dans la compréhension de 
textes. Nous avons évoqué que la compréhension de textes est une activité conduisant à une 
représentation mentale, et que la cohérence de la construction de cette représentation serait liée à la 
capacité de mémoire de travail et à l’efficacité des mécanismes inhibiteurs.  
Plus spécifiquement, la capacité de la mémoire de travail serait liée à la compréhension en lecture 
en permettant la formation d’une représentation cohérente, qui se baserait elle-même sur une 
coordination d’opérations de traitement et de stockage des informations. Les différences individuelles 
en compréhension en lecture seraient donc imputables à la capacité limitée de la mémoire de travail. 
Les mécanismes inhibiteurs, quant à eux, constitueraient une autre source possible d’explication des 
différences individuelles dans la compréhension. Enfin, la vitesse de traitement de l’information serait 
un facteur associé à la compréhension en lecture et sera considérée comme mesure de contrôle.  
Enfin, la question théorique centrale du travail porte sur les changements avec l’âge dans les 
relations entre construits rendant compte de la performance en compréhension de textes. Plus 
spécifiquement, si la compréhension en lecture est influencée par la mémoire de travail, l’inhibition et 
la vitesse, et que ces trois facteurs varient au travers de la vie, on devrait s’attendre à une 







augmentation des performances de compréhension chez les enfants, à une stabilisation chez les jeunes 
adultes et à un déclin chez l’adulte âgé. Si cette covariation n’est guère controversée en ce qui 
concerne l’enfant, ce n’est pas le cas lors du vieillissement cognitif. En effet, s’il existe bien un 
certain consensus quant au déclin de la capacité de mémoire de travail, de l’inhibition et de la vitesse 
de traitement chez la personne âgée, les résultats sont moins clairs en ce qui concerne la 
compréhension. Ainsi, nous supposons que les habiletés de compréhension se maintiennent avec l’âge 
pour la compréhension pour le texte, alors qu’elles tendent à diminuer lorsqu’une composante de 
mémoire pour le texte est requise. Enfin, on peut s’attendre à ce qu’au cours du vieillissement, on 
peut attendre des différences d’âge moins prononcées entre jeunes adultes et jeunes-âgés, qu’entre 
jeunes adultes et adultes âgés-âgés, en particulier pour les habiletés associée à l’intelligence 
pragmatique (voir Baltes, 1987), telles que la compréhension sans composante mnésique ou les 
connaissances verbale.  
Hypothèses opérationnelles  
En ce qui concerne les différences d’âge dans les construits pouvant rendre compte des changements 
cognitifs, nous postulons une augmentation des performances durant l’enfance, et une diminution de 
celles-ci au cours du vieillissement. Ainsi, dans les épreuves de mémoire de travail, à savoir le 
Reading Span et les Matrices Double Verbal, on s’attend à ce que les enfants de 12 ans présentent une 
mémoire de travail plus élevée que les enfant de 10 ans en rappelant plus de mots corrects pour le 
Reading Span et plus d’associations mots-positions dans les Matrices. Au contraire, les personnes 
âgées, en particulier les âgés-âgés, devraient montrer une performance plus pauvre que les jeunes 
adultes.   
En ce qui concerne les mécanismes d’inhibition, nous attendons une différence d’âge dans les effets 
d’interférences mesurés avec la tâche du Stroop (conditions : incongruente vs congruente ; amorce et 
prime), et dans la tâche du Hayling (condition inhibition vs initiation). L’effet d’interférence devrait 
être plus important chez les enfants et les adultes âgés par rapport aux jeunes adultes, aussi bien pour 
les réponses correctes que pour les temps de réponse. La procédure d’Oubli dirigé, quant à elle, devrait 
apporter un bénéfice majeur chez les adultes par rapport aux autres groupes. Enfin, dans des tâches 
telles que dans le Reading Span ou l’Oubli Dirigé, les enfants et les personnes âgés devraient montrer 
un nombre d’erreurs d’intrusions plus important que les jeunes adultes.  
En ce qui concerne la tâche expérimentale de compréhension, nous faisons l’hypothèse d’un effet 
lié à la condition expérimentale, avec une augmentation des temps de lecture en condition 
« Mémoire », en comparaison de la condition « Compréhension ». En effet, ayant été informés que les 
textes ne seront plus disponibles dans la condition « Mémoire », les participants pourraient prendre 
plus de temps pour lire et mémoriser le texte. Cet effet devrait varier avec l’âge. Ainsi, une interaction 
Age X Condition est attendue entre 10 et 12 ans et entre les jeunes adultes et touts les enfants, en 
particulier en raison de changements développementaux dans la vitesse de traitement de 
l’information.  







En ce qui concerne les réponses aux questions, plusieurs prédictions sont établies en regard des 
temps de réponse, ainsi que des erreurs. Plus spécifiquement, on s’attend à :  
- un effet principal de la Condition, avec des temps de réponse plus longs et un nombre d’erreurs 
moins important en  « Compréhension », qu’en  « Mémoire », puisque les participants peuvent relire 
le texte et mieux le comprendre pour répondre plus correctement aux questions ;  
- un effet principal du Type de questions, avec des réponses plus lentes et plus d’erreurs pour les 
questions d’inférences que pour les détails. Les inférences non seulement sont des informations qu’on 
ne peut pas retrouver dans le texte, mais elles impliquent aussi plus de ressources attentionnelles. Elle 
sont donc plus coûteuses. Si le lecteur n’a pas produit les inférences lors de la construction de la 
représentation du texte, et qu’il a le texte à disposition, il doit y retourner plus souvent pour chercher à 
intégrer les informations ; 
- un effet principal de l’Age en comparant : les enfants plus jeunes (10 ans ) avec les plus âgés (12 
ans), d’une part, les jeunes adultes et les enfants, ensuite, et les jeunes adultes et les âgés d’autre part ;   
- une interaction Age X Condition X Type de question (détail vs inférence). La condition de 
présentation et le type de questions devraient affecter de manière plus importante les enfants, et plus 
les enfants de 10 ans que ceux de 12 ans. Les enfants devraient également être plus affectés que les 
jeunes adultes, tout comme devraient l’être les adultes âgés par rapport aux jeunes. De plus, la 
différence dans les temps de réponses entre les détails et les inférences est supposée être plus forte 
pour enfants et les âgés en « Compréhension » qu’en  « Mémoire ». En ce qui concerne les erreurs, la 
contrainte de mémoire imposée dans la condition « Mémoire »devrait affecter plus la compréhension 
des enfants et des âgés que celle des jeunes, en raison d’un changement postulé de ces mécanismes 
avec l’âge. Par ailleurs, la différence entre les erreurs produites pour les questions d’inférence et de 
détail devrait être plus importante en « Mémoire » pour les enfants et les adultes âgés. Cependant, les 
différences d’âge entre jeunes adultes et adultes âgés sont attendues surtout en « Mémoire ». En 
« Compréhension », condition plus similaire aux habitudes de lectures des âgés, on fait l’hypothèse 
que seuls les âgés- âgés produiront plus d’erreurs que les jeunes adultes et les jeunes- âgés. Dans cette 
condition, les jeunes- âgés grâce à leur expérience de lecteur et au maintien des habiletés liée à 
l’intelligence pragmatique, devraient pouvoir compenser le déclin général dans les ressources 
cognitives liée au vieillissement.  
RESULTATS 
Deux types d’analyses ont été conduites. D’une part, des analyses univariées, effectuées pour 
évaluer les différences d’âge dans les construits d’intérêt, et d’autre part, des analyses multivariées, 
conduites pour étudier les relations entre les construits considérés dans le travail. Les résultats sont 
présentés ci-dessous. 
Analyses univariées  
En accord avec nos hypothèses et avec la littérature, des effets d’âge entre les enfants de 10 et 12 
ans, entre tous les enfants et les jeunes adultes, et entre les jeunes adultes et les adultes âgés ont été 







mis en évidence pour les tâches de mémoire de travail et de vitesse de traitement de l’information. 
Ces résultats confirment l’hypothèse selon laquelle les performances en mémoire de travail et la 
vitesse de traitement augmentent chez les enfants et diminuent lors du vieillissement. Les résultats 
d’analyses de tendances ont montré que la tendance quadratique de l’âge est plus importante pour la 
vitesse (qui explique plus que le 30% de la variance) que pour la mémoire de travail (20% de la 
variance). En revanche, et contrairement à nos hypothèses, les différences d’âge pour les mesures 
d’inhibition ont été très faibles, voir nulles. Les résultats des analyses de tendance ont mené à une 
conclusion similaire, avec une proportion de variance expliquée par l’âge très faible pour la plupart 
des tâches, à l’exception du Hayling. De plus, la tendance s’est révélée mixte (linéaire or cubique) 
plutôt que quadratique. A noter toutefois que ces résultats sont conformes à ceux rapportés par 
d’autres études, et montrant des différences d’âge peu importantes dans des tâches d’inhibition. En 
revanche, on pourra relever qu’en ce qui concerne les erreurs d’intrusions dans l’Oubli dirigé et le 
Reading Span, les résultats ont mis en évidence une difficulté plus grande, pour les enfants et pour les 
âgés, en comparaison des jeunes, à prévenir l’entrée d’informations non pertinentes dans le focus 
attentionnel, et à supprimer les informations qui ne sont plus pertinentes pour la tâche à accomplir. 
Dans l’ensemble, ces résultats suggèrent que la capacité à supprimer des représentations en mémoire 
qui ne sont plus importantes pour la tâches (erreurs d’intrusions) serait plus sensibles aux différences 
d’âge que la capacité à prévenir des réponses dominantes mais inappropriée pour la tâche (Stroop, 
Negative Priming et Hayling). 
En ce qui concerne la compréhension de textes, et conformément à nos hypothèses, nous avons 
observé une augmentation dans les habiletés de compréhension chez les enfants et un déclin lors de 
l’âge adulte très avancé. Nous avons observé un effet linéaire de l’âge qui suggère une augmentation 
dans la compréhension de textes chez les enfants, et une diminution lors du vieillissement. Cependant, 
le pourcentage de variance expliqué par l’âge était plus important chez les enfants (expliquant le 50 % 
de la variance), par rapport aux adultes âgés (16 %). Ce résultat indique aussi que le déclin dans la 
compréhension de textes n’est pas aussi important que certaines études ont pu suggérer. Des résultats 
intéressants ont été obtenus en manipulant la condition de présentation du texte. La dissociation entre 
les conditions de présentation s’est révélée importante pour clarifier les changements avec l’âge dans 
la compréhension de textes. Dans la condition « Compréhension », les différences d’âge ont été moins 
prononcées en comparant les jeunes et les âgés que dans la condition  « Mémoire ». Ce résultat est  
conforme aux études qui ont évalué la compréhension de textes dans une modalité plus similaire à 
celle requise dans le quotidien (De Beni et al., in press). Par ailleurs, ce résultat confirme que certains 
aspects de la compréhension de textes sont préservés jusqu'à un âge adulte avancé. Dans la condition 
« Mémoire », les enfants et les âgés font plus d’erreurs que les jeunes adultes. Cela suggère que 
l’habileté de construire une représentation cohérente du texte est contrainte par des situations qui 
impliquent de manière plus importante les ressources cognitives. Cependant dans la condition 
« Compréhension », les habiletés de compréhension sont comparables chez les lecteurs jeunes adultes 
et jeunes-âgés, et déclinent seulement chez les âgés-âgés. Les jeunes âgés sont favorisés dans une 







situation dans laquelle le texte reste à leur disposition lors de la phase de réponses aux questions. 
Puisque cette condition est similaire aux conditions rencontrées dans la vie de tous les jours, les 
jeunes-âgés ont probablement développé des stratégies qui leur permettent de compenser le déclin 
général des ressources cognitives. Il se peut aussi que, comme Radvansky (Radvansky et al., 2001) l’a 
suggéré, les jeunes-âgés se centrent plutôt sur les informations du texte, essentielles pour construire 
une représentation cohérente, en utilisant temporairement le niveau de surface du texte, mais sans les 
maintenir. L’aptitude de lecture des jeunes-âgés serait celle de privilégier le contenu du texte pour 
contourner les limitations des ressources attentionnelles et, donc, arriver à compenser ces pertes. Cette 
stratégie d’adaptation permettrait aux jeunes-âgés d’avoir une habileté de compréhension comparable 
à celles de jeunes adultes, en particulier en ce qui concerne le but du texte. Cependant, leur 
performance en mémoire pour le texte est significativement inférieure à celles des jeunes. Cela 
suggère une attitude différente vis-à-vis du texte. Ainsi, une appréhension qui favoriserait le contenu 
du texte (ou « sur quoi » il porte), ne serait pas bénéfique lorsque la tâche nécessite non seulement 
d’encoder les informations, mais aussi de les rappeler. Il semble ainsi que le fait de privilégier la 
construction du model situationnel du texte ne favorise pas la compréhension chez les jeunes-âgés 
quand la tâche de compréhension implique de manière plus importante la mémoire et le rappel des 
détails du texte. Les âgés-âgés, au contraire, montrent un déclin dans les habiletés de compréhension 
aussi bien lors de la condition « Compréhension » que de la condition « Mémoire ». En accord avec 
une diminution plus accélérée dans les habiletés cognitives dans l’âge adulte très avancé (Baltes, 
1987), nos résultats montrent, en effet, que les âgés-âgés ont un niveau de compréhension plus pauvre 
non seulement que les jeunes adultes, mais aussi que les jeunes-âgés. Au vu de ces résultats, et en 
accord avec d’autres auteurs (e.g., De Beni et al. 2003), il semblerait que les problèmes sévères de 
compréhension ne se retrouvent spécifiquement que chez les âgés-âgés.   
En ce qui concerne le type de questions posé (détail et d’inférences), nos résultats ont montré que 
tous les participants, indépendamment de leur âge, produisent plus d’erreurs, et surtout lorsque des 
questions d’inférences sont posées. Cet effet est plus marqué dans la condition « Mémoire », par 
rapport à la condition « Compréhension ». En effet, les questions d’inférences nécessitent plus de 
ressources cognitives que les questions de détail pour intégrer les informations qui sont disparates et 
non explicites dans le texte. De plus, si la production d’une inférence est essentielle pour comprendre 
le texte, les détails enrichissent seulement ce processus. Les résultats ont montré que les enfants 
produisaient plus d’erreurs que les jeunes pour les questions d’inférence et pour les questions de 
détail. Par ailleurs, ils sont affectés plus fortement par la condition de présentation des textes que les 
jeunes et surtout pour les questions de détail. En effet, le pourcentage d’erreurs dans la condition 
« Mémoire » pour les questions de détail, mais pas pour les inférences, est plus important que dans la 
condition « Compréhension » chez les enfants que les jeunes. Ce résultat peut indiquer que l’effort 
mental demandé aux enfants pour répondre aux questions d’inférence est si important, que même dans 
avec le texte à disposition, leur habileté à intégrer les informations est diminuée. D’un point de vue 
développemental, il est possible que le nombre de schèmes activés pour répondre aux questions 







d’inférence atteigne les limites supérieures des ressources disponibles, même si la demande de la 
tâche est minime.  
Contrairement à nos hypothèses, les résultats ont montré que le type de question affecte de manière 
équivalente les jeunes adultes et les âgés. Le fait que les jeunes et les âgés ne différent pas 
significativement au niveau des inférences confirme notre interprétation sur le changement avec l’âge 
des attitudes envers le texte dans le but de la compréhension : les âgés privilégieraient des processus 
de compréhension de haut niveau pour construire le modèle situationnel du texte. Il semble cependant 
que cette stratégie favorise les jeunes-âgés, plus que les âgés-âgés.  
Les résultats sur les temps de réponse aux questions ont montré qu’aussi bien la Condition de 
présentation des textes que le Type de question influencent les temps de réponse : les participants ont 
des temps de réponses plus long en « Compréhension » qu’en « Mémoire », et pour les questions 
d’inférence en comparaison des questions de détail. Ainsi, comme nous l’avons postulé, lorsque le 
texte est à disposition du lecteur, il peut être constamment consulté pour répondre de manière plus 
adéquate à la question ou pour perfectionner la compréhension en cas de besoin. Au contraire, en 
condition « Mémoire », le lecteur ne peut s’appuyer que sur la représentation du texte qu’il a 
construite et maintenue en mémoire pour répondre aux questions. Enfin, les temps de réponses plus 
longs pour les questions d’inférence que pour les questions de détail indiquent que ce type de question 
fait plus fortement appel aux ressources cognitives.  
Les résultats ont ainsi mis en évidence que les jeunes adultes et les enfants présentent des temps de 
réponses plus lents en « Compréhension » qu’en « Mémoire », et pour les questions d’inférences que 
pour celles concernant les détails. Même si ces résultats confirment seulement en partie nos 
hypothèses, il est nécessaire de relever qu’ils doivent être interprétés avec précaution. En effet, les 
analyses effectuées sur les temps de réponses portaient sur seulement 12 enfants et 36 jeunes adultes. 
Il n’en demeure pas moins que la réduction des temps de réponse reste informative en regard du 
nombre élevé d’erreurs produit dans les réponses aux questions, particulièrement chez les enfants. 
La comparaison entre les jeunes adultes et les adultes âgés a montré que les jeunes adultes répondent 
plus rapidement des adultes âgés pour les détails, et en « Mémoire » plus qu’en « Compréhension ». 
Cela nous indique que les jeunes, plus sensibles au niveau du surface du texte, peuvent répondre plus 
rapidement aux questions de détail même dans une condition plus coûteuse en ressources 
attentionnelles. Les jeunes sont probablement plus familiers avec des tâches qui nécessitent un effort 
cognitif pour maintenir le niveau de base du texte, ce qui ressemble aux demandes liées aux requêtes 
de la scolarisation (e.g., Radvansky & Copeland, 2001). Par ailleurs, les jeunes-âgés ont montré des 
temps de réponse aux questions d’inférences plus lents que ceux des jeunes, mais aussi que ceux des 
âgés-âgés. En raison d’une diminution de la capacité de mémoire de travail, les temps de réponse des 
jeunes-âgés sont plus longs mais cela leur permet sans doute d’intégrer et de réinitialiser les 
informations dans le texte pour mieux le comprendre. Ce résultat semble donc plaider en faveur de 
l’hypothèse d’une possibilité de compensation, particulièrement dans la 
condition « Compréhension ». 







Globalement, les différences d’âge sur les temps de réponses ne sont pas aussi importantes 
qu’attendues. Mais encore une fois, les résultats portant sur cette variable doivent considérés avec 
précautions, car le nombre de temps valides ayant pu être considérés était relativement restreint, et 
cela, pour tous les groupes d’age. 
Conformément à nos attentes, la Condition de présentation du texte influence les temps de lecture 
des textes. En effet, les résultats ont montré une effet principal de la Condition, avec des temps de 
lecture plus longs chez les enfants plus jeunes (10 vs 12), chez tous les enfants par rapport aux jeunes 
adultes, et chez les adultes âgés quand ils sont comparés aux jeunes adultes. Cependant l’interaction 
Âge X Condition s’est révélée significative seulement en comparant les enfants aux jeunes adultes, 
avec des temps de lecture plus longs dans la condition « Mémoire » que dans la condition 
« Compréhension », et uniquement pour les jeunes adultes. Contrairement aux enfants, les jeunes 
adultes, lecteurs experts, ont des habiletés métacognitives qui leur permettent de changer la vitesse de 
lecture par rapport à la condition pour mieux comprendre le texte.  
Analyses multivariées  
Globalement, les analyses de corrélations et de régression ont montré que les différences d‘âge dans 
les mécanismes cognitifs étudiés médiatisent les différences d’âge dans les mesures de 
compréhension considérées (détail – inférence). 
Pour les deux groupes (enfant Vs jeunes adultes, appelés « Jeunes » ; jeunes adultes Vs âgés, 
appelés « Adultes »), les corrélations entre les tâches ont mis en évidence une relation entre les 
mesures de compréhension de textes, de mémoire de travail, d’inhibition et de vitesse de traitement 
plus importantes pour les deux types de question en  condition « Mémoire » qu’en condition 
« Compréhension ». Les corrélations inter-tâches restent significatives après contrôle de l’âge 
(effectuées au moyen de corrélations partielles). Cependant, les fonctions de nettoyage et de 
restriction de l’inhibition semblent avoir un rôle moins clairement défini sur la compréhension, que la 
mémoire de travail ou la vitesse. Par ailleurs, il est important de souligner que les corrélations entre 
les tâches d’inhibition mesurant la même fonction ou entre les tâches qui reflètent les deux fonctions 
considérée sont très faibles ou absentes, ce qui suggère une vision non unitaire du construit inhibition.  
 Les analyses de régressions ont confirmé les résultats des analyses de corrélations. La mémoire de 
travail, l’inhibition et la vitesse de traitement sont impliquées dans la compréhension de textes mais 
leur rôle change selon la modalité de présentation du texte et le groupe d’âge considéré. En effet, le 
pourcentage de variance lié à l’âge rend compte d’une partie plus importante de la variance observée 
en compréhension dans le groupe de Jeunes que dans le groupe d’Adultes. Pour les Adultes, en 
revanche, la mémoire de travail explique une partie plus importante de la variance pour les détails et 
les inférences en condition « Mémoire », tandis que le rôle de l’âge est plus important en « Mémoire » 
et pour les inférences. Ce dernier résultat, chez les Adultes semble confirmer notre hypothèse 
concernant un maintien des habiletés de compréhension avec l’âge dans des tâches de compréhension 
plus similaire à celles rencontrées dans le quotidien. De plus, chez les Jeunes comme chez les 
Adultes, l’inhibition explique une partie significative de la variance pour les deux types de questions. 







Toutefois, le pourcentage de variance associé avec l’âge pour le rappel de détail et pour la production 
d’inférence dans les deux conditions de présentation de texte, a été réduit lorsque les différences 
individuelles en mémoire de travail, en inhibition/interférence et en vitesse de traitement ont été 
entrées avant l’âge. La diminution de la variance liée à l’âge par le contrôle des autres facteurs était 
présent pour le groupe de Jeunes, comme pour le groupe d’Adultes. 
Pour examiner les relations entre les construits d’intérêts et la compréhension de textes, des modèles 
de relations entre les variables ont été spécifiés et testés avec une approche en équations structurales. 
Cette technique nous a permis de modéliser, dans chacun des deux échantillons, l’apport de l’âge, de 
la mémoire de travail, de l’inhibition et de la vitesse sur la compréhension de textes. Ces analyses ont 
été conduites en trois étapes : 
- Des analyses factorielles confirmatoires ont été conduites et plusieurs modèles d’équations 
structurales ont été testés à l’aide de LISREL pour vérifier nos hypothèses relatives aux relations entre 
épreuves et en particulier entre la mémoire de travail, l’inhibition, la vitesse et la compréhension de 
textes. Ces analyses ont permis de montrer qu’il était aisé de définir les construits de mémoire de 
travail, de vitesse et de compréhension de texte. En revanche, la définition du construit inhibition s’est 
avérée plus difficile. Plusieurs possibilités ont été testées, mais pour les deux sous-échantillons, nous 
n’avons pu retenir que les mesures d’intrusions dans le Reading Span, l’Oubli Dirigé et l’indice de 
bénéfice de l’Oubli Dirigé. Ce résultat est corollaire de ceux reportés lors de l’analyse corrélationnelle 
qui a révélé des corrélations nulles entre les mesures des différentes fonctions d’inhibition.  
Par ailleurs, la variable latente Compréhension de textes  s’est révélée être mieux définie par un 
modèle à deux facteurs que par un seul facteur général. Plus spécifiquement, la compréhension a été 
mieux spécifiée à l’aide des facteurs « Compréhension » pour le texte » et « Mémoire » pour le texte, 
les deux définis par la proportion d’erreurs dans les questions de détail et d’inférence. On peut d’ores 
et déjà relever que ce résultat est crucial pour notre étude, parce qu’il appuie la nécessité de considérer 
la demande des tâches (compréhension vs mémoire pour le texte) au sein même des tâches de 
compréhension  
- Dans un deuxième temps, les variables latentes ainsi définies ont été reprises dans différents 
modèles d’équations structurales, et ceci pour chacun des deux sous-échantillons. Le modèle-cible à 
tester, en accord avec les modèles proposés dans la littérature du développement et du vieillissement, 
prévoit que la vitesse de traitement et l’inhibition médiatisent l’influence de l’âge sur la mémoire de 
travail, qui à son tour, influence la « Compréhension » et la « Mémoire » pour le texte . Ce modèle 
était le plus satisfaisant, aussi bien pour les Jeunes que pour les Adultes, autrement dit le modèle 
cible, parmi une série d’autres modèles testés, représente adéquatement les données.  
Globalement, le modèle retenu suggère que la proportion de variance expliquée dans la 
« Compréhension » et la « Mémoire » pour le texte  est assez importante, en ce qui concerne les effets 
directs et indirects. La relation directe et négative entre la mémoire de travail et les deux construits de 
compréhension de textes confirme que les changements avec l’âge dans la compréhension sont 
expliqués par une réduction de la capacité de la mémoire de travail. L’effet direct de l’âge sur la 







vitesse et la fonction délétion de l’inhibition, négatif chez les Jeunes et positif chez les Adultes, 
confirme que les changements avec l’âge dans la cognition sont associés avec une augmentation chez 
les enfants et une diminution chez les âgés dans l’efficacité à supprimer les information qui ne sont 
plus pertinentes ainsi que dans la vitesse de traitement de l’information. De plus, la vitesse et la 
fonction délétion sont elles-mêmes des prédicteurs importants de la performance liée à l’âge dans les 
tâches de mémoire de travail. Ainsi l’effet de l’âge, pour les deux sous-échantillons, est indirect. Les 
construits étudiés sont impliqués conjointement, mais aussi indépendamment, dans les changements 
liés à l’âge dans la « Compréhension » et la « Mémoire » pour le texte. Cependant, bien que les 
mêmes construits influencent les différences liées à l’âge dans la compréhension au travers le 
lifespan, les relations entre les construits n’est pas la même (ce qui est en accord avec les résultats des 
analyses corrélationnelles effectuées séparément sur chacun des sous-échantillons de Jeunes et 
d’Adultes).  
- Etant donné que le modèle plus parcimonieux et le plus représentatif des données était le même 
pour les Jeunes et les Adultes, une troisième étape a consisté à conduire des analyses multigroup. Ces 
analyses permettent d’évaluer jusqu'à quel point le modèle est identique chez les deux groupes. Les 
résultats ont montré qu’un modèle dans lequel tous les paramètres ont été maintenus invariants pour 
les deux sous-échantillons s’est avéré très mal ajusté. En effet, les relations entre épreuves se sont 
révélées identiques seulement au niveau de l’invariance « configurale », qui indique que les facteurs 
sont définis de la même manière et mesurent les mêmes construits chez les deux sous-échantillons. 
Cela indique donc que les différences qualitatives les plus importantes se situent au niveau des 
relations entre les construits et non pas dans la définition des variables latentes. Nous avons ensuite 
testé l’équivalence des relations entre les facteurs pour les deux groupes. Les résultats ont montré que 
les liens entre les variables exogènes et endogènes étaient significativement différents dans les deux 
sous-échantillons, a l’exception du lien entre l’inhibition et la mémoire de travail.  
Ce résultat est fort intéressant car, en accord avec nos hypothèses, il indique que des processus 
similaires sont à l’oeuvre au travers du lifespan. Ces analyses témoignent également d’un jeu différent 
entre les différentes variables et d’un rôle différent de l’âge sur les facteurs d’intérêt dans les deux 
groupes. Ainsi, on peut supposer qu’au-delà d’une invariance configurale, les changements liés à 
l’âge mènent à des différences substantielles dans les deux modèles. Cela n’exclut pas, par exemple, 
que les processus considérés puissent co-exister avec d’autres processus pouvant aussi changer avec 
l’âge, puisque la variance des variables observées n’a pas été expliquée par les variables latentes. 
DISCUSSION GENERALE 
L’objectif de cette étude a été d’investiguer et de clarifier les relations entre la compréhension de 
texte, la mémoire de travail et l’inhibition au travers du life-span. Pour cela, un plan multivarié a été 
adopté afin de considérer conjointement des processus sont souvent proposés séparément dans la 
littérature pour expliquer les différences individuelles et d’âge dans la compréhension de textes. 
Comme il n’a pas été possible d’étudier l’âge de façon continue, cette recherche se limite à considérer 







la comparaison d’enfants entre 10 et 12 ans, de jeunes adultes et d’adultes âgés. Le groupe de jeunes 
adultes a été divisé en deux sous-échantillons afin de permettre une comparaison entre avec les 
enfants, d’une part, et avec les âgés, d’autre part. 
Globalement, nos résultats ont montré des différences d’âge dans toutes les tâches, à l’exception de 
celles mesurant l’inhibition. Plus spécifiquement, les effets d’âge ont été plus importants pour les 
tâches de mémoire de travail et de vitesse, que pour les tâches d’inhibition.  
Par ailleurs, les résultats de ce travail ont mis en évidence l’importance de considérer la mémoire de 
travail, l’inhibition et la vitesse de traitement comme des mécanismes rendant compte des différences 
d’âge dans la compréhension. Toutefois, ils suggèrent également que ces construits soient prise en 
compte comme des facteurs interdépendants. Cependant, même si les mécanismes généraux étudiés 
sont à l’œuvre chez les enfants et les adultes âgés et expliquent les changements cognitifs avec l’âge 
dans la cognition complexe, leurs relations se sont avérées très différentes au cours de la vie.  
En ce qui concerne la compréhension de textes, centrale dans ce travail, les différences d’âge les 
plus importantes ont été observées en condition « Mémoire », lorsque le texte imposait une contrainte 
de mémoire, plus qu’en condition « Compréhension » dans laquelle le texte était toujours disponible 
pour les participants. La distinction a été plus importante pour les âgés. Le fait d’avoir construit une 
tâche qui dissociait la compréhension de la mémoire pour le texte à l’intérieur d’un même paradigme, 
nous a permis de clarifier la discordance des résultats rapportée dans la littérature en regard des effets 
du vieillissement sur la compréhension. En effet, le fait d’avoir dissocié deux conditions en fonction 
de leur contraintes mnésiques (avec ou sans) nous a permis de montrer que certaines habiletés de 
compréhension sont préservées chez les jeunes- âgés mais pas chez les âgés - âgés. La condition 
« Compréhension », très proche des conditions de lecture au quotidien et faible en termes de 
contraintes mnésiques, n’a pas montré de différences d’âge entre jeunes adultes et jeunes-âgés. Nous 
avons suggéré que probablement, les jeunes âgés ont compensé la diminution liée à l’âge de 
l’efficacité de leur ressources cognitives, en se concentrant sur la construction du modèle mental du 
texte, plutôt que sur son niveau de surface. Ces individus ont ainsi changé et adapté leur but de la 
compréhension en se focalisant sur le contenu du texte en utilisant, par exemple, leurs connaissances 
verbales. Ce résultat supporte une vision du développement, dans le sens large du terme, comme celle 
d’un jeu dynamique entre les pertes, et les gains au cours du vieillissement. Les analyses factorielles 
confirmatoires et des modèles en équations structurales, ont également montré que la variable latente 
« Compréhension » était mieux représentée par deux variables latentes distinctes, ce qui suggère, une 
fois encore, que la compréhension et la compréhension avec contrainte mnésique ne sont pas 
synonymes d’un seul construit général de compréhension de textes. Nos résultats peuvent avoir de 
fortes implications, notamment au niveau clinique, puisque les tâches de compréhension qui sont 
généralement proposées mesurent essentiellement la mémoire pour le texte plutôt que la 
compréhension.   
Les résultats obtenus suggèrent également que la nature de l’inhibition doit encore être clarifiée. En 
effet, nos résultats ne confirment pas la notion d’un construit unique d’inhibition, mais montrent 







plutôt l’existence de différents mécanismes qui changent avec l’âge de manière différenciée selon la 
mesure considérée. Même s’il a été possible de construire une variable latente inhibition (à la 
différence d’autres études qui ont dû exclure des analyses ce construit, e.g., Park et al., 1996), celle-ci 
est définie uniquement par les erreurs d’intrusions plutôt que par des mesures plus « classiques »  
d’inhibition, comme l’effet d’interférence dans le Stroop ou l’Amorçage Négatif.  
Cette étude a contribué à mieux comprendre les changements qui se produisent dans la 
compréhension de textes de l’enfance à l’âge adulte avancé en considérant la mémoire de travail, 
l’inhibition et la vitesse de traitement comme facteurs explicatifs de ces changements. La perspective 
adoptée, ainsi que les résultats obtenus, sont en ligne avec une vision multidirectionnelle et 
multidimensionnelle du développement. 
 
 
 
 
